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A FOREWORD 

I believe it was George Ade who said, "K you want to 
uplift, get beneath." This sentiment is peculiarly appli- 
cable to the study of physiology in the schools. Such 
terms as "anatomy," "physiology," and "hygiene" 
terrify the children, and to a certain extent make them 
antagonistic to the study. I have long thought that the 
proper way to get children interested in this matter was 
to make the subject a living one. I have sought to get 
entirely under it and to present it in a vital way. My 
experience is that children are easily interested in matters 
that pertain to their daily life if we go at it in the proper 
spirit. Instead, therefore, of the dry details of physi- 
ology, I have tried to lead the child into the midst of 
the phenomena of the life he is living and to tell him in 
simple language of the character of the environment in 
which he lives. 

I begin by taking him outdoors and allowing the wind 
to blow in his face. I lead him to the fireplace and let 
him warm his fingers. I take him to the spring and show 
him the water that he drinks. I go with him into the 
fields to watch the growing food. I visit with him the 
mills where this food is being prepared for consumption. 
I tell him of those things which are vitafly related to his 
daily life and which are the groundwork of his health 
and growth. I have endeavored to put the material 
into liie form in which the child naturally absorbs it. 
The child is an interrogation point. He asks questions. 
I have taken the questions which have been suggested 
to me by talking with children, and have tried to answer 
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the questions they have put to me. While this method 
of preparing a physiology is novel and radical, to my mind 
it seems natural and workable. With the help of the 
teacher the child will at once become interested in the 
phenomena of existence. The study will not be a bur- 
den, but a revelation and a pleasure. 

While it has seemed advisable in some places to use 
words which children do not understand, their meanings 
have been given so that they may know what they are 
reading about. The dry details of the usual form of 
study on this subject have been entirely eliminated. 
The child who reads this book properly under competent 
instructors will have a new view of life, a better under- 
standing of his environment, and a clearer conception 
of what is good for his health. He will be asking himself 
continually, when new duties and new pleasures present 
themselves, or new foods come to his attention, this 
question: Is it good for me? 

Harvey W. Wiley 
Washington, D,C. 

April, 1916 
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BOOK THREE 
I. How Do We Grow? 

A STUDY OF FOODS 

What is the purpose of food? All living things 
require food. This is true of plants as well as 
of animals. The young plant gets its first 
noiuishment from a supply of food stored in 
the seed. Some seeds, like nuts, are very large, 
and contain a great deal of notirishment. Other 
seeds are very small and so can contain only 
a small quantity of nourishment. But all seeds 
always contain food enough for the young plant 
during the first period of growth. 

There is enough food in the 
seeds of all cereals to sustain 
the young plants growing 
from them for several days. 
But then, if no additional 
supply of nourishment is pro- 
vided, the young plants die. 
You may prove this by a 
simple experiment. Fill two sproiuing cereals 
basins with distilled water. '" *'*'"' 

Distilled water contains practically no food 
that will promote plant growth. Over the sur- 
face of the water place cloths that have been 
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thoroughly washed in distilled water to remove 
any material that might nourish the plant. 
The threads in the cloth must be far enough 
apart to leave space for young rootlets to grow 
down into the water. On top of the cloths place 
a number of grains of wheat, and set the two 
. basins in a dark place where the temperature 
is not below fifty-five or sixty degrees. When 
the wheat has sprouted and is fully developed, 
bring the basins out into the light. The sprouts 
will soon turn green, and the roots will reach 
down through the cloth into the water. Grad- 
ually the grains of wheat will disappear, leaving 
only the hulls. Then the growth of the plant 
will cease. 

Now add a little plant food consisting of 
phosphate of soda, powdered gypsum, and 
nitrate of potash to the water in one of the 
basins. Then watch what takes place. 

In the basin where you added the plant food 
the plants will grow vigorously as long as the 
plant food lasts. The yoimg plants in the 
other basin, where no nourishment was added, 
will die. In the first case you fed the plant; 
in the second you starved it. Com or any 
other cereal may be used for this experiment. 

When an animal is bom it can live two or 
three days without any nourishment. But 
very soon thereafter, if no food is given it, 



HOW DO WE GROWf 3 

the young animal will die. Given the proper 
nourishment, it will not only live, but it will 
continue to grow. Thus we see that in order 
to live and to grow both animals and plants 
must be supplied with food. 

How may the foods of animals be classified? In 
classifying foods suitable for animals, we find 
five principal divisions: Mineral foods (lime, 
phosphate, soda, potash), nitrogenous foods 
(protein), carbohydrates (sugar and starch), oils 
and fats^ and condiments (seasonings). All 
the food we eat may be classified under these 
five heads. 

Foods may also be classified according to 
other standards. Most foods may be classified 
broadly as animal or vegetable products. In 
a more detailed classification of foods according 
to their natural form we have meats, poultry, 
fish, game, cereals, milk, fruits, vegetables, and 
nuts. With regard to their preparation foods 
may be classified broadly as cooked or raw foods. 
With regard to the various forms in which they 
are prepared for use -they may be classified as 
flour, bread, butter, cheese, cream, cured meats, 
smoked meats, dried fruits, canned fruits, 
canned vegetables, breakfast cereals, and such 
foods as jams, jellies, and preserves. 

In our discussion of foods we shall begin with 
the minerals. 
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A STUDY OF MINERAL FOODS 

What are the chief mmerals contained in foods? 

Nearly all the mineral substances that are 
present in the soil are also present in vegetable 
products. Animals must have some of these 
mineral foods at all times in order to live ; others 
are valuable at certain times and tmder certain 
conditions. The mineral substances that ani- 
mals must have are phosphoric acid, lime, iron, 
soda, potash, iodine, and magnesia. 

What foods contain the most iron? Some kinds of 
food contain a great deal more iron than others. 
Of the vegetables, spinach is believed to con- 
tain the largest amount. There is also much 
iron in the cereals, and traces of it are to be 
fotmd in most of the foods we eat. 

Is there any danger in taking too much mineral 
substance into the body ? The rule that applies to 
all other foods when taken in excess also applies 
to mineral substances. If more minerals are 
taken into the body than are required for its 
proper nourishment and growth, the body must 
get rid of the excess. This is done by the 
organs that remove wastes from the blood and 
send them out of the body, especially the kid- 
neys. To get rid of an excess of minerals too 
great a burden is placed on these organs, and 
this, if continued, may prove harmful. 

As a general rule, when we eat one hundred 
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pounds of food, from one and a half to two 
pounds of it should consist of mineral substances. 
More than this would probably be harmful, 
and any considerable quantity less would cer- 
tainly be so. Therefore, in the preparation of 
food for eating, the natural mineral content 
should be reduced as little as possible. It is 
really better to eat the skins and outer cover- 
ings of such foods as cereals and potatoes and 
apples, than it is to discard them, for in the 
bran of cereals and in the skins of potatoes, 
apples, arid other fruits and vegetables is fotmd 
most of the mineral content of those food 
products. 

A STUDY OF FOODS CONTAINING NITROGENOUS 

SUBSTANCES 

What foods are the chief sources of protein? 

Protein, the food element containing nitrogen, 
is present in nearly all our vegetable and animal 
foods. Among the foods containing the largest 
proportion of protein is lean meat. About sixty 
per cent of the content of ordinary fresh lean 
meat is water, the remaining forty per cent being 
largely protein and fat. This is true of both 
red and white meats. 

Milk is another animal food in which there is 

- much protein. About three and a half per cent 

consists of protein. But since there is only 
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thirteen per cent of dry food in milk, the rest 
beii^ water, it is evident that a little more 
than one fourth of the 
total amoimt of dry food 
in milk is protein. In 
cheese the proportion of 
protein is considerably 
greater than it is in milk. 
There is also a large quan- 
tity of fat in cheese. 

Another food contain- 
ing a large proportion of 
protein is the egg. The 
white of an egg is more 
than seventy per cent 
water. The remainder, 

Pea pods Qj. tJ^jp^y pgj. Qgjj^^ consists 

largely of protein. The yolk of an egg contains 
less water than the white of the egg, and also 
much less protein. A large part of the yolk of 
the egg consists of fat. 

Among the vegetable foods, peas and beans 
are rich- in protein. Among the cereals, oats 
contain the highest proportion of protein and 
rice the lowest. Not more than eight per cent 
of the content of rice is protein. From ten to 
fifteen per cent 'of the content of wheat is 
protein, while Indian com contains less protein 
than wheat, and barley and rye almost as much. 
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While peas and beans contain much protein, 
the amount in other vegetables is compara- 
tively small. 
The percentage 
of protein in 
the potato is 
small. Fruits 
and succulent 
vegetables also \ -'J^ 
contain a com- 
paratively small 
amoimt of pro- 
tein. Nuts, and 
oily seeds such 
as cottonseed 
and flaxseed, 
contain much 
protein. From Bean pods 

tiiis we learn that if we shotdd limit our diet to 
a single food we might select one with a very 
high content of protein, such as oats, peas, or 
beans, or we might select one with a very low 
content, such as rice, potatoes, or fruits. But 
if we know the proportion of protein in the 
various kinds of food we can select them so 
as to get the exact amount of protein needed 
for our proper nourishment and growth. 

How much protein ^ould we eat a day? This 
is a question that has been the subject of much 
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discussion. Some experts claim that we should 
eat a large quantity of protein ; others claim 
that a small amount is better. The proper 
amotmt is probably between these two estimates, 
or a mediimi quantity. 

A man who weighs about one himdred fifty 
potmds and is engaged in active work needs 
from three and two tenths to four and three 
tenths ounces of protein a day. But we must 
remember that other food elements are as neces- 
sary to nutrition as protein. The proper quan- 
tity of those elements will be discussed later. 

Are there differences in the nutritive qualities of 
proteins? The proteins in different kinds of 
food, both animal and vegetable, differ in nutri- 
tive value. Comparing the body to a house 
built of brick or stone the protein may aptly 
be regarded as the bricks or stones out of which 
the structtire is built. Protein is the essential 
material composing the muscular tissues of the 
body. It is also a very important element of 
the nerves and the brain, and is one of the chief 
substances in the blood. Protein is almost the 
sole material in the hair, the nails, and the skin. 
It is a very important element in the bones of 
the body. It is foimd, although in small quan- 
tities, even in the fats of the body. Thus the 
statement that protein is the principal building 
material in the bodily structtire is fully justified. 
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You have noticed that different clays make 
different kinds of bricks. Some are red, some 
gray, some ahnost white, and some yellow. 
Some bricks are very hard, some have been 




Protein "bricks" used in building the body 

melted, or vitrified as it is called, tmtil they are 
glassy, and some are so resistant to heat that 
they cannot be vitrified, and for that reason 
are used to line furnaces. And yet all bricks 
are made out of clay. In the same way we may 
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find diflFerences in the protein ''bricks" out of 
which the bodily structure is built. 

Among the best protein bricks with which to 
build the human body are those made from the 
casein of milk and the gluten of wheat. The 
protein of Indian com, if no other ''clay" is 
mixed with it, makes the poorest bricks. 

The proteins themselves are not bricks or 
building stones of the body any more than beds 
of clay or unquarried rocks are bricks or building 
stones of a house. Just as bricks are molded 
and baked in the kiln, so the proteins are treated 
in the digestive apparatus and made into 
"building stones" or "bricks" suitable for the 
bodily structure. 

When proteins are used in the body, whether 
they are built into the tissues or are burned 
directly in the blood stream, a waste material 
(urea) forms which is more or less injurious 
or poisonous. For this reason not more of this 
btiilding material than is really necessary for 
the growth and nutrition of the body should be 
used. 

The foods containing protein in large propor- 
tions and carbohydrates in small proportions 
or none at all are generally the most expensive. 
A nation that produces plenty of food, or has 
plenty of money with which to buy food, is apt 
to choose expensive foods, such as meats, eggs, 
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and milk. Therefore the people of that nation 
are apt to eat too much protein and not enough 
carbohydrates. On the other hand, if a nation 
produces little food, and has little money with 
which to buy food, it must content itself with 
foods that are poor in protein, such as rice, 
Indian com, and potatoes. The people of such 
a nation no doubt do not get enough building 
material. But the nation whose resources per- 
mit it to take the middle course between these 
two extremes will have the advantage, since 
the people will get enough protein for building 
purposes and at the same time avoid an excess 
of waste material. 

Growing children need more protein than 
grown people. They must not only replace 
old building material, but they must also pro- 
vide building material for new growth. They 
must have material to repair the old btiilding 
and at the same time bricks for the additions. 
For this reason the diet of children should con- 
tain a larger amotmt of protein in proportion 
to other elements than that in the diet of grown 
people. Milk, the natural food of the infant, 
contains a small amotmt of protein in proportion 
to other elements, because nattire did not intend 
infants to grow very rapidly. Mother's milk 
contains a smaller proportion of protein than 
does the milk of the cow, since nature intended 
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that the calf should grow more rapidly than the 
human infant. 

When children reach the age of six or seven 
years they begin to grow rapidly. Then cow's 
milk is better for them than the milk that was 
suitable when they were infants. There should 
be an abundance of protein in the food of a 
child during the period of rapid growth, which 
usually is between the ages of seven and seven- 
teen years. After the seventeenth year the 
amount may be diminished with safety. 

A STUDY OF CARBOHYDRATES 

What is the function of the starches and sugars 
contained in foods? Starches and sugars make 
up the greater part of htmian foods so far as 
weight and bulk are concerned. The chief 
function of the carbohydrates (starch and sugar) 
in the body is to produce heat and energy. At 
the same time the carbohydrates aid in the 
digestion of other food substances and in chang- 
ing them into the form in which they are used 
for building tissue. They also aid, to a certain 
degree, in forming fat tissues in the body. 
Because starch and sugar produce heat and 
energy when constimed or burned in the body, 
the carbohydrates are called fuel. 

Natiu^e intended that all the different classes 
of food — protein, carbohydrates, fats and oils, 
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minerals, and condiments — should be present in 
the ordinary processes of digestion. Not the 
carbohydrates alone but every class of food 
exerts a profotmd influence on the relations of 
every other class in the process of digestion. 
Thus the nutritive value of any class of food 
can be studied only in the relation of that class 
to the nutritive value of all the other classes. 

What foods are particularly rich in starch and 
sugar? When we speak of a starchy food we 
naturally think of the potato, which consists 
almost entirely of starch. It is true that the 
potato contains a small quantity of protein, 
a considerable quantity of mineral substances, 
and a slight trace of oil. But all these things 
together form only two or three per cent of the 
weight of the potato, while the starch, including 
the small amotmt of sugar combined with it, 
forms from sixteen to eighteen per cent of the 
weight. The remainder is water and indi- 
gestible fiber. 

There are other foods containing about the 
same proportion of starch as the potato. Among 
these are arrowroot and cassava. These prod- 
ucts grow chiefly in tropical and semi-tropical 
regions, while the potato grows in temperate 
and north-temperate regions. Closely related 
to the potato are the so-called sweet potato and 
the yam,. These also contain large quantities 



14 WILEY'S HEALTH SERIES 

of starch, together with considerable quantities 
of sugar. 

Among the cereals, rice contains by far the 
greatest amotuit of starch, about eighty per cent 
of the rice grain consisting of starch. Among 
the other cereals, Indian com contains the 
largest amount of starch, and oats probably 
the smallest. But all the cereals contain con- 
siderable quantities of starch. The amount 
ranges from eighty per cent in rice to sixty-five 
per cent in oatmeal. Thus we see that the 
principal food product in cereals, so far as 
quantity is concerned, is starch. 

There are many prepared foods in the market 
that are almost ptire starch. Among these 
we find tapioca, cornstarch, cassava starch, and 
arrowroot. They are used extensively in pre- 
paring puddings and custards. So far as value 
is concerned, such foods are excellent for the 
production of heat and energy. They also aid 
other food substances in the work of promot- 
ing growth and restoring tissue, though they 
are themselves of little value in that work. 

The starch used in this country is produced 
principally from com. In Europe the principal 
source of starch is the potato. 

As we grow up our need for carbohydrates 
increases. This is a natural result of the greater 
demands made on the system for heat and 
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ensxgy^ furnished so abundantly by the carbo- 
hydrates. Thus the proportion of starch and 
sugar in the diet of the grown person should be 
much greater than the proportion found in 
milk, which is the ideal food for the infant and 
the child. 

How can fhe carbohydrates aid in digesting and 
preparing other food elements for use in the body? 
This is easily explained. The htrnian body 
requires a varied diet, consisting of the five 
classes of food elements already mentioned. 
This is a normal or natural requirement. The 
different organs of the htiman body can do their 
work best only when the food elements are of 
the normal quality and in normal proportions. 
Any departtire from this must necessarily be 
more or less injurious to the whole system. 

The truth of this is evident in sickness, when 
it is necessary to alter the proportion of the 
different classes of foods in the diet in order to 
meet the conditions brought about by the 
disordered functions of the body. In some 
diseases it is advisable to reduce considerably 
the qtiantity of carbohydrates (sugars and 
starches) in the diet. If this restriction is 
carried to a certain degree, improvement takes 
place. On the other hand, if the carbohydrates 
are entirely taken away the effect may be, and 
usually is, decidedly harmful. 
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In btiilding a house various materials are 
required — wood, lime, sand, stone, bricks, nails, 
iron and lead pipes, and furnaces. When the 
proper amoimt of all materials is used the result 
is a house of good appearance and quality, suit- 
able to live in, and comfortable. The result 
would be quite different if some materials were 
left out altogether and others were used in 
excessive quantities. If bricks were used with- 
out mortar, the house would soon fall to pieces. 
If too much wood were used, the house might 
take fire from the furnace, and so with every 
other material used in building the house. This 
is an illustration of what happens when we eat 
too much of one kind of food and not enough of 
another. Our foods should be so selected as 
to furnish all the materials needed, and all in 
the correct proportion for the proper develop- 
ment and growth of the body. 

A STUDY OF FATS AND OILS 

How are fats and oils used in body building ? A 

considerable proportion of the foods we eat, 
both vegetable and animal, consists of fats and 
oils. The terms ''fat'' and ''oil" apply to the 
same substance, although there is a distinct 
difference between the two. The term "fat" 
is applied to a solid fat, that is, a fat that is 
solid at the temperatiure of the human body. 
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The term "oil" is applied to a liquid fat, that is, 
a fat that is liquid at the temperature of the 
human body. Most vegetable fats are liquid 
and most animal fats are solid. Fats and oils 
are formed of essentially the same elements that 
exist in the carbohydrates. 

What is the function of oils in nutrition? Oils 
aid digestion because their flavor and taste 
make the foods in which they are present taste 
good. But the chief ftmction of oil and fat in 
nutrition is to furnish heat and energy. Oil 
or fat furnishes a greater amotmt of heat than 
any other element of food. 

Does an excess of fat in the tissues of the body 
shorten human 
life? This ques- 
tion cannot be 
answered defi- 
nitely in regard '■^ 
to any one of 
us. So many 
things influence 
the length of 
human life that 
we cannot dis- 
cover with any 
certainty the influence of one thing alone. 
Studies have been made comparing the length 
of life of a great many persons. From these 
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studies it has been estimated that if a man 
six feet tall weighs two hundred forty potmds, 
that is, fifty to seventy-five potmds more than 
he ought to weigh, we may expect that his life 
will be. shortened by about four years. 

What is the proper weight for grown persons of 
a given height? Various authors have constructed 
tables to show the proper weight for grown 
persons of a given height. The table below 
gives the average weight of men and of women 
of all ages combined from 15 to 70 years at a 
given height, and also the average increase in 
weight for each inch in height. 







INCREASE IN 




INCREASE IN 


HEIGHT 


MEN 


LBS. FOR EACH 
INCH IN HEIGHT 


WOMEN 


LBS. FOR EACH 
INCH IN HEIGHT 


4 ft. 9 in. 






116 


4 


10 in. 






ij8 


2 


II in. 


* 




120 


2 


5 ft. in. 






122 


2 


I in. 


129 




124 


2 


2 in. 


131 


2 


126 


2 


3 in. 


133 


2 


129 


3 


4 in. 


137 


4 


132 


3 


5 in. 


141 


4 


136 


4 


6 in. 


145 


4 


140 


4 


7 in 


149 


4 


144 


4 


Sin. 


153 


4 


148 


4 


9 in. 


157 


4 


152 


4 


10 in. 


162 


5 


156 


4 


II in. 


168 


6 


159 


3 


6 ft. in. 


174 


6 


162 


3 


I in. 


180 


6 






2 in. 


186 


6 







Adapted from Medico-Actuarial Mortality Investigation, Vol. I, xgia 
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A STUDY OF THE BALANCED RATION 

What is meant by a balanced ration? When 
building a house the builder always begins by 
making an estimate of the exact amount of 
every kind of material that will be needed. It 
would be very foolish for him to buy a great 
quantity of lumber and bricks and not buy any 
sand, mortar, and nails. So the wise builder 
calctdates very carefully the quantity of each 
kind of material he must have in order to com- 
plete the building. As a result, when he begins 
his work he will have on hand just the right 
amount of all materials, even to the paints, 
varnishes, and trimmings. When his work is 
completed there will be very little building 
material left over. 

At the same time the wise builder always tries 
to make certam that he has enough material. 
It would be better for him to have a little too 
much than not enough. To have too little of 
any one kind of material might be very costly, 
since the whole work would have to be delayed 
until the additional material could be bought. 
The house builder, in other words, seciures his 
material in such quantities that he has enough 
of each and every kind, no matter how small 
or how large a quantity is necessary for the work 
that is to be done. 

This principle holds good in supplying food 
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material for building up the body. We must 
endeavor to supply all the necessary materials, 
and in such quantities that there will be neither 
too much nor too little of any kind of material. 
We then have what is called a balanced ration. 
Yet, as in the case of the house builder, it is 
better to have a little too much than not enough 
of any single article. But such excess should be 
limited to the smallest possible amotmt, so that 
after the food is consumed and digestion is 
complete, very little waste will be left. In this 
way the needs of nutrition will be well and fully 
satisfied. 

How many kinds of materials are required for 
body building? It has been estimated that from 
twelve to fifteen different substances are re- 
quired in the process of nutrition. Some of 
these things are similar in character to the 
paints, varnishes, decorations, and trimmings 
used in the building of a house. To leave them 
out would have little effect on the strength of 
the building, but neither the building nor the 
body would be quite complete or wholly pre- 
sentable without them. 

If we select oiu: common food products wisely, 
and in the correct proportions, we secure all 
the twelve to fifteen substances needed in nutri- 
tion. If we do not use wisdom and judgment 
in our selection, some essential substances will 
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probably be overlooked. The restilt will be a 
body that is weak and out of proportion. 
What essential materials are commonly omitted ? 

Among those commonly omitted are the mineral 
substances, so essential to the proper building 
of the body. In preparing our foods we usually 
throw away the portions that contain much 
mineral substance. The peelings of apples, 
potatoes, and other vegetables, the bran of 
wheat, oats, and com, and the germs of cereals 
all are rich in oil and phosphorus. With the 
minerals we also reject the life-giving vitamines 
present in the outer coverings of these foods. 
Usually the statement of a balanced ration 
contains no reference to the mineral constitu- 
ents or the condiments. Yet to supply these 
substances is not only advisable but absolutely 
necessary. From one and one half to two per 
cent of the total daily ration should consist of 
minerals, chiefly lime and phosphoric acid, with 
small quantities of potash, iron, soda, iodine, 
and magnesia. This requirement will be ful- 
filled if we eat foods no part of which has been 
discarded or greatly altered in the process of 
preparation. 

yWhy should condiments be used? We should 
next consider the necessity for condiments. 
The condiment used in largest quantities is 
salt. As in the case of other useful substances, 
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an excess of salt is injurious. No more salt 
should be used than is. necessary for proper 
relish or seasoning purposes. Salt is used with 
some foods and not with others. It is used, 
almost imiversally, in bread, with vegetables 
and meats, and in butter and cheese. On the 
other hand, we do not usually put salt on 
fruits or in milk. 

Other condiments, such as peppers, spices, 
and mustard, are commonly used with meats. 
Some are used with eggs and vegetables, espe- 
cially in salads. These condiments are gener- 
ally added in small quantities, otherwise the 
foods would be too strongly seasoned to suit 
the taste. Wood smoke, as you have already 
learned, is a condiment used in curing meats, 
such as ham and bacon. This condiment has 
a double purpose; it preserves the meat from 
infection by insects and bacteria and also adds 
a flavor that is well liked. 

With the exception of salt, the condiments 
form a very small proportion of our food. 
Probably they do not exceed one twentieth or 
one fifteenth of one per cent of the total ration. 
The precaution with regard to the use of salt 
applies to the use of all condiments. They 
should all be used sparingly, just enough prop- 
erly to stimulate the glands that supply the 
digestive fluids. 
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What shotdd be fhe relative proportions of the 
chief food ingredients? Asstiming that the min- 
eral substances and condiments are present in 
the correct quantities, we must now consider 
the correct proportions of proteins, carbohy- 
drates, and fats in a balanced ration. Experi- 
ence as well as a careful study of the food supply 
of human beings tinder various conditions and 
in various coimtries has revealed the quantities 
in which these food substances should be present 
in order to make a balanced ration. 

The standard ration of dry food for a man 
weighing one htindred fifty pouiids is nearly one 
pound and a half, or 640 grams. For a ration in 
which there is a generous proportion of protein, 
this 640 grams should consist of 120 grams of 
protein, 440 grams of carbohydrates (sugar and 
starch), and 80 grams of fat or oil. This is con- 
sidered the proper proportion of ingredients in a 
well-balanced ration. 

Specialists in the study of diets have a way of 
determining whether a ration is properly bal- 
anced. They multiply the ntimber of grams 
of fat by two and one quarter. To this prod- 
uct they add the ntimber of grams of carbohy- 
drates. Then they divide this sum by the 
number of grams of protein. The quotient thus 
secured is called the nutritive ratio. Applying this 
rule to the standard ration of dry food given on 
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the preceding page, we get the following restilts: 

80 multiplied by 2J^= 180 
440 added to 180 =620 
620 divided by 120 = 5.2 

This quotient (5.2) is the standard nutritive 
ratio. Assuming that there is the needed quan- 
tity of mineral matter and condiments in the 
ration, this quotient, 5.2, tells us that we have 
a standard ration in which the ingredients are 
present in the correct proportions. If we should 
decrease the amotmt of fat to 60 grams, and in^ 
crease the carbohydrates to 450 grams and the 
protein to 130 grams, so as to make the same to- 
tal, 640 grams, we would then have this problem: 

60 multiplied by 2>^= 135 
450 added to 135 =585 
585 divided by 130 = 4.5 

This quotient is less than the quotient (5.2) 
which has been taken as the standard nutritive 
ratio, and so we have what is called a "narrow 
ratio," meaning one with too much protein. 
On the other hand, if the quotient obtained by 
some other arrangement is more than 5.2, we 
may conclude that we have what is called a 
''wide ratio," or a ratio in which there is an 
excess of carbohydrates and fats. The wide 
ratio is best suited for men who work at hard 
physical labor. The narrow ratio is best for men 
engaged in less active physical labor, for those 

lii-i 
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who sit a good deal, and for those who do not 
wish to increase their weight. But any great 
variation from 
the standard 
nutritive ratio 
is more or less 
dangerous to 
health. Among 
those nations 
whose nutri- 
tive ratio com- 
monly is wide, 
that is, if the 
nutritive ratio 
nms from 7 to 
9, as in Spain, 
Greece, and 
Italy, the people are small in stature. If the 
ratio is narrow, as in the United States, Canada, 
and AustraUa, the people are large in stature. 

How can people unacquainted witii principles of 
nutrition select a ration of a standard nutritive ratio ? 
Experience and the natural taste or instinct of 
the human being usually result in the selection 
of a diet that is weU balanced. Persons in 
moderate circumstances who live in countries 
where food is abundant usually select a ration 
that approaches very closely the ideal, well- 
balanced ration. 

111-2 
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The tendency to-day is toward a wider ration 
than is advisable, becatise many food substances 
extremely rich in protein, such as the outer 
layers and the germs of cereal grains, are re- 
jected in preparing the cereals for food. As a 
result of the casting out of these materials we 
are eating larger quantities of starch and sugar 
than nature intended we should. Unfortu- 
nately, this excess of starch generally results 
from the exclusion of a large part of the pro- 
tein, oil, and mineral substances which naturally 
are present in our foods. 

Is it advisable to weigh the quantity of foods we 
eat? No. To sit down at the table with our 
thoughts occupied with the theories of eating, 
and then worry about how much of each kind 
of food we ought to eat, and what we ought not 
to eat, detracts greatly from the pleastire of 
eating, a sensation of great importance to diges- 
tion. We also interfere with digestion by con- 
centrating our thoughts on subjects that are 
not likely to promote the digestive processes. 
We should be confident that those who provide 
us with food will provide what is best for us. 
Our natural tastes, corrected or supplemented 
by good manners, will prevent us from being 
gluttons, but still we should all know whether 
we are eating too little or too much of this or 
that food. . 
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Moreover, ordinary experience in SCTving 
foods leads to a knowledge of how to regulate 
the quantity 
that each one 
should eat. 
The judicious 
mother always 
takes care that 
the child who 
is served first 
does not get 
too much and 
the others too 
little. The 
quantity each 
one receives, 
though not 
■ measured or 
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weighed, is usually the amount each one ou^t 
to have. We shotild find it extremely annoying 
if at every meal we had to measure in a bal- 
ance or measuring cup the exact amount of 
soUd or liquid food we were to have. 

Is there any great danger from eating wititout 
weighing or measuring the food? Only imder 
special circumstances is there any very grave 
dang«" from eating without weighing or meas- 
uring food. If a child is very hungry he is 
likely to ask for more of the food that is served 
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first in the course of the meal than he ought to 
have. As a rule, good manners at the table 
correct this tendency. It is not good manners 
to ask for a second helping except under special 
conditions. In well-regulated families there is 
very little danger of overeating. 

What is a good rule to observe when eating? A 
good rule, if it can be conveniently followed, is 
to eat only one thing at a time. If we like a 
food for its taste and flavor there is no reason 
for depriving ourselves of that taste and flavor 
by eating it together with some other article of 
food. If we like the taste of meat, why do we 
want to mix it with that of potatoes? If we 
like bread, why should we destroy its taste by 
eating it with sirup? The French, who are 
recognized as authorities on foods and cooking, 
eat their vegetables apart from their meats. 

Fish is one of the foods that should never be 
eaten with anything else except the condiments 
that are usually used in preparing such foods. 
No food so effectually destroys the character 
and flavor of other foods eaten with it as fish. 
No other article of food, not even the customary 
potato, should be eaten with fish. Even the 
knives and forks used and the plates on which 
it was served should be removed and not used 
for any other food. 

Fowl as well as fish, though perhaps in less 
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degree, is better when eaten alone. It is 
customary to eat cranberry sauce with turkey. 
As a matter of fact, turkey tastes much better 
without it. Fowls of all kinds are commonly 
served with ''stuffing," that is, a dressing made 
chiefly of bread crumbs seasoned with condi- 
ments and placed inside the turkey and roasted 
with it. The turkey would really taste better 
without it. A gravy made from the juice 
which drips from the fowl while it is roasting 
is often served. There may be some excuse 
for this, because the flavor of the gravy is de- 
rived from the fowl itself, but you will get the 
most enjoyment out of fowl by eating it alone. 
Pork, especially fresh pork, is commonly served 
with apple sauce. There seems to be no special 
reason for this except custom. Vegetables also 
best serve their purpose as foods when eaten 
alone. 

But there are some articles so closely asso- 
ciated with each other that they are hardly 
to be considered as separate foods. I refer to 
the use of butter on bread or potatoes and the 
use of sirup and butter on hot cakes. In these 
cases the butter and the sirup provide necessary 
elements that are not present in the foods to 
which they are added. 

At dinner to-day or to-morrow try eating 
the various articles of food separately. After 
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taking a few meals in that way you will appre- 
ciate the value of the practice. You will be 
able to appreciate the real excellence of each 
food and enjoy its taste to the utmost. You 
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will also have simplified your diet, a very r 
sary thing for proper nutrition. 

What relation has sociability to eating? To par- 
take of food and drink with companions is one 
of the pleastires of social Ufe. If a friend should 
happen to visit you, near the hour of the day 
when food is commonly served, the simplest 
dictates of friendship lead you to invite him to 
join you in the meal. One of the chief func- 
tions of social life is the dinner to which friends 
are specially invited. At social gatherings of 
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any kind — the meeting of a literary society, 
a musicale, a card party, or any similar gather- 
ing — it is customary to serve refreshments 
toward the close of the evening. The offering 
and receiving of food is a universal mark of 
friendship and good will. 

The more pleasant the associations at the 
table, the more perfect are the workings of the 
digestive organs. Lightheartedness, pleasant 
conversation, and delightful companionship all 
promote digestion. On the contrary, care and 
worry, disagreeable companions, and quarreling 
interfere with digestion. For this reason, when 
we come to the table cares of every kind should 
be put aside, all bickerings suppressed, and all 
trouble as far as possible forgotten. 

QUESTIONS TO HELP THE PUPIL 

I. Where does the young plant get its first nourish- 
ment? Tell how you can show this. 2. When this 
supply is used up, where does it get its food? 3. What 
is necessary for life and growth? 4. Name the five 
principal classes of foods for animals. 5. In what other 
ways may foods be classified? 6. From what do we 
get most of the minerals in our food? 7. What vege- 
table contains a great deal of iron? 8. What propor- 
tion of our food should be mineral? 9. Why is it better 
not to discard the outer covering of fruits, vegetables, and 
cereals? 10. What food gives us the largest amount of 
protein? 11. Name other foods which contain much 
protein and some vegetables that contain little. 12. How 
can we get the exact amotmt of protein that we need? 
13. Do proteins differ in nutritive value? 14. To what 
may we compare the body? 15. What are the best 
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protein bricks with which to btdld? i6. Why are rich, 
prosperous nations apt to use too much protein? 17. 
Why do growing children need more protein than grown 
people? 1 8. Between what ages should children have 
an abundance of protein? ig. What is the function of 
the starch, and sugar contained in foods? 20. Besides 
producing heat and energy, what do the carbohydrates 
aid in forming in the body? 21. What common article 
of food contains a great deal of starch? What is the 
proportion? 22. What is the principal food element in 
cereals? 23. Name the leading starch-bearing cereals. 
Which contains the least? 24. What prepared foods can 
we get that consist almost entirely of starch? 25. At 
what age are carbohydrates needed most? 26. What is 
a varied diet and wh}^ is it best? 27. Does the builder 
of a house get the exact amount of every kind of material 
necessary to complete it? why? 28. Does this prin- 
ciple hold good in suppljang material for body building? 
29. What is the difference between an oil and a fat? 
What is their chief function? 30. What is meant by a 
balanced ration? 31. Wliat would happen to a house 
if the builder had not used enough nails or mortar? 
32. What are the most essential food materials? 33. How 
many different substances are needed for body building? 
Which one of the essential materials is commonly omitted? 

34. What caution should we observe in the use of condi- 
ments? What proportion of our food should they form? 

35. What is the standard ration of dry food for a man 
weighing one hundred fifty pounds? 36. How should 
these 640 grams be proportioned? 37. Can you tell how 
to determine whether a ration is well balanced? 38. 
What is the ** standard nutritive ratio"? a wide ratio? 
a narrow ratio? 39. For what persons is a wide ratio 
best suited? a narrow ratio? 40. Is any great varia- 
tion from the standard dangerous? 41. What usually 
governs the selection of a diet that is well balanced? 

42. Tell why it is not well to mix foods when eating. 

43. What articles are usually not considered as separate 
foods? 44. Why should there be good cheer at the table? 
What sort of feelings interfere with digestion? 



II. The Process of Digestion 

What is digestion? Before foods can be used 
in building new tissue, in restoring womout 
tissue, and in creating heat and energy, they 
must be broken up and dissolved so that the 
useful elements in them may be absorbed into 
the blood stream and carried with it to every 
part of the body. This is the work of digestion, 
a long and complicated process requiring deli- 
cate machinery (organs) and thousands of tiny 
workmen (enzymes). 

THE TEETH AND THEIR FUNCTION 

Why do we chew our food? To be properly 
digested, food must first be reduced to very 
small particles. Liquids of course require no 
chewing, nor do such foods as soft puddings or 
mashed vegetables, except enough to separate 
them into smaller quantities. 

The action of the teeth and the jaws is some- 
what similar to the primitive or old-fashioned 
method of grinding grain between an upper and 
a lower millstone. In grinding grain only one 
of the millstones moves; similarly in chewing, 
only one of the jaws moves. In milling, how- 
ever, it is usually the upper stone^ that moves, 
while in chewing it is the lower ''stone." 

33 
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The work of the teeth and jaws is of the 
greatest importance in aiding the process of di- 
gestion. So every one should know how to take 
care of his teeth in order that they may do their 
work thoroughly and well. 

Does the lower jaw move in more than one 
direction? Yes, the lower jaw has two distinct 
motions: first, the motion up and down, by 
which the food is cut into pieces; and second, 
the motion from side to side, by which the food 
is groimd between the surfaces of the teeth. 

Do the teeth in different parts of the mouth have 
different ftmctions? Yes. The front teeth are 
useful particularly in cutting the food into 
small pieces. They are, in other words, the 
cutting or incising teeth, and so are called 
incisors. By means of the front teeth we cut 
off a piece of food as large as we desire, and then 
reduce it to smaller pieces. The back teeth 
are called molars, derived from a Latin word 
meaning ''to grind." When we cut off a piece 
of food with our front teeth the motion of the 
lower jaw is straight up and down. Thereafter, 
when the food is placed between the molars, 
the motion is up and down and also sidewise, 
' in order both to cut and to grind the food. 

What are temporary teeth? At birth htiman 
beings have no teeth. The infant has no need 
for teeth. The only food he should have is 
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milk, and milk, we know, requires no masti- 
cation (chewing). At about the fifth or sixth 
month the first of the temporary teeth appear. 
These are the incisors or front teeth. Usually 
four of them come at about the same time, two 
in the upper jaw and two in the lower. Other 
teeth appear from time to time imtil, at the 
age of one year, the infant usually has eight 
teeth, four above and four below. 

The total number of temporary teeth .that 
appear in a child's mouth, is twenty: four 
incisors, two canine or dog teeth, and four 
molars appear in the upper jaw and the same 
number in the lower jaw. The first temporary 
molar teeth usually appear from the twelfth 
to the fourteenth month, the temporary canine 
teeth from the fourteenth to the twentieth 
month, and the temporary back molars from 
the eighteenth to the thirtieth month. 

The child begins to lose these teeth, which 
are called the milk teeth, from the fifth to the 
seventh year. At the s^me time the permanent 
molars back of the temporary molars begin to 
show. By the eighth or ninth year the tem- 
porary teeth are nearly all gone, and by the 
fifteenth to the seventeenth year most of the 
permanent teeth have appeared, except those 
farthest back in the mouth, which are called 
wisdom teeth. Sometimes these teeth do not 
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appear until after the age of twenty-one, and 
sometimes not at all. 

What is the coiiq>osition of the teeth? That 
part of the tooth projecting outside the gum is 
called the crown and is covered with a hard, 
flinty substance called the enamel. Below the 
gum there is no enamel, 
but in place of it is a hard, 
bony substance called 
cement. Inside of the 
enamel and the cement 
is the tooth substance 
itself, the dentine as it is 
called. In the center of 
the dentine is a cavity 
' filled with the soft sub- 
stance in which are the 
nerves and the blood ves- 
sels of the tooth. 

The dentine or ivory 
of the tooth is composed 
of practically the same 
elements as the bones of the body. But it is 
much denser and for that reason much harder 
than the bones. About twenty-eight per cent 
of the elements in dentine consists of substances 
containing nitrogen, and the remaining seventy- 
two per cent of mineral matter. 
- The enamel, or hard outer surface of a tooth, 
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contains about the same elements as dentine, 
but the proportion of minerals is much higher, 
thus making the enamel still harder than the 
dentine. The minerals make up about ninety- 
six per cent of the enamel substance. 

The teeth are set into little holes or sockets 
in the jaw bones. That part of the tooth 
resting in these sockets is called the root. The 
front teeth have only a single root, while the 
side teeth have two roots and the back teeth, 
or molars, usually have three roots. These 
roots extend into the bony structure of the 
jaws, holding the teeth in place with great 
firmness, so that they may do their work as 
millstones without danger of becoming loose. 
The part between the crown of the tooth and 
the root is called the neck of the tooth. This 
part is covered by the gtmi. 

What does "cutting the teeth" mean ? The term 
''cutting the teeth'' is applied to the process 
which takes place when the teeth erupt or come 
through, — that is, when they first show through 
the gtmi. This process really is cutting the 
gtmi and not cutting the teeth. In the infant 
the gum is closed; that is, there is no opening 
through which the teeth can come. When 
the teeth erupt they must push their way 
through the gum. Though this is a natural 
process, the tooth growing very slowly and 



38 WILEY'S HEALTH SERIES 

the gum gradually disappearing in the path of 
the growing tooth, it is attended with tenderness 
and pain, and is often the cause of considerable 
irritation of the digestive organs. 

"Teething" is a process which mothers look 
forward to with anxiety, especially if it takes 
place during hot weather. Children that are 
bom in the late spring or early summer have 
the advantage over those bom in the middle 
of winter, since their first temporary teeth ap- 
pear in cold weather and so cause less danger and 
disturbance than in the case of children whose 
teeth come during the summer. 

When the teething process begins it is cus- 
tomary to give the child some soft elastic 
substance on which to bite. The Ught rubber 
animals so commonly used as toys are excellent 
for this purpose, but they should be Pasteurized, 
that is, heated for twenty minutes every day in 
water at a temperature of at least one htmdred 
sixty degrees. This process makes the. rubber 
safe for the child to use, and does not injtire 
its text tire. 

But the child should not be permitted to do 
this for more than a few days. The tissues of 
the infant's mouth are very soft and yielding, 
and those who are constantly putting objects 
into their mouths, or who suck their thumbs, 
are likely to have deformed mouths, projecting 
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teeth, aod distorted nostrils. These things may 
lead to mouth breathing. There is also danger 
of carrying disease germs into the mouth. 

What care should be taken of temporary teeth? 
The temporary teeth require as much care as 
the permanent teeth. They are extremely im- 
portant to the health of the child from infancy 
to' the age when the permanent teeth appear. 
This period covers a number of years and 
during that time the child must depend on his 
t^nporary teeth for chewing. This period is of 
the greatest impor- 
tance to the child, 
since then may be 
laid the foundation 
for lasting good 
health and for a 
strong and efficient i 
body. 

A great many 
people do not know 
what a serious men- 
ace imperfect tem- 
porary teeth are to the health of the child. 
If a temporary tooth starts to decay, the parent 
is usually consoled with the thought, "Very 
well, let it go. The new tooth will soon take 
its place." Such indifference is extremely dan- 
gerous. If the temporary tooth is lost before 




Teelh of senen-ycar-old child. The 
milk teeth are shaded. Permanent 
Uelh ate shown growing at the roots 
of the remaining temporary teelh. 
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its time, there is danger that the permanent 
tooth following it will not develop properly. 
The germs of the permanent teeth develop early; 
so, if a temporary tooth is lost before its time, 
the germ of the permanent tooth will seek to 
occupy the vacant space. The germs of the 
permanent teeth on either side may also seek 
to grow into this open space. 

For these reasons every care should be taken 
in developing and preserving the temporary 
teeth as well as the permanent teeth. 

How may good teeth be developed ? Good health 
and the right kind of food are necessary for the 
development of good temporary and permanent 
teeth. The food should be rich in bone-building 
and tooth-building material. For this reason 
the diet of the child should contain plenty of 
mineral substances, particularly lime and phos- 
phoric acid. Milk is an ideal diet for the child, 
since it contains lime and phosphoric acid in 
the proportions needed to build up the bones 
and the teeth. 

When the child begins to eat solid foods and 
take less milk, it should eat the foods containing 
the necessary amoimt of mineral substances. 
The minerals, as we have already learned, are 
most abimdant in the outer coverings of cereals, 
vegetables, and fruits. So when we throw 
away the skins of vegetables and fruits, and 
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the fibrous coverings of the cereals, we deprive 
ourselves of mineral foods that are necessary 
for the development of the teeth. Yotmg 
children cannot very well eat the skins of 
fruits or of potatoes. But the coverings of 
cereals, if groimd very fine, are suitable foods 
for them. By using the proper kind of mill- 
stones the outer coat of the grain is so groimd 
that it easily yields its mineral matters in the 
digestive process. Children should therefore 
be fed liberally with bread made from the 
whole grain grotmd fine in the old-fashioned 
way. Modem mills using smooth steel rollers 
do not grind the bran but break it into large 
flakes. In this form the bran is not suitable for 
digestion by children nor even by grown people. 

How do bad teeth endanger the health? Many 
dangers threaten the health of those who have 
poor teeth. Children, especially, are in danger. 
Children with poor teeth cannot chew their food 
properly. The food can be cut and groimd 
into small particles by the process of chewing 
only when the teeth are in good working order. 

Moreover, it is of great importance that 
chewing should be done so thoroughly as to mix 
the saliva with every particle of food. The 
saliva aids the process of swallowing and pro- 
vides the additional moisture necessary to pre- 
pare the chewed mass for digestive purposes, 
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The digestive substance (enzyme) contained in 
saliva rapidly changes starch particles in the food 
into a substance 
called dextrin and 
sij^ar. This is the 
first step in the 
digestion of starch 
foods. If the proc- 
ess of chewing is 
continued the en- 
zyme in the sahva 
will convert much 
of the starch into 
A sood set of utih dextrin and sugar. 

What other dangers result from bad teeth? Many 
kinds of injurious bacteria lodge in decaying 
teeth. This is true especially if the decay 
extends down into the roots. If pus is formed 
it may easily be absorbed into the blood, caus- 
ing very serious results. 

It is almost impossible to keep a decaying 
tooth clean. It is hard to get at the decayed 
spot, which is often located between the teeth or 
concealed just below the gum. Even if we 
could reach the spot it would be difficult to 
remove the bacteria from it. Thus every de- 
caying tooth, and every tooth that is so deformed 
that it cannot cut or grind the food as it 
shotild, threatens health. 
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How may we avoid these dangers? We must 
first discover the nature of the trouble. The 
teeth may be irregular and uneven. Very 
often the upper teeth project out of place. In 
early life such teeth may gradually be brought 
back into place by a. skillful dentist. Very 
often two growing teeth are tr3dng to occupy 
the same position. If it is too late in life to 
bring them back into place, one of them, the 
one that is farthest out of place, should be ex- 
tracted, leaving the remaining tooth to be 
brought into its proper position. 

Unfortimately the cost of bringing badly 
placed teeth into the proper position is too 
great for persons in ordinary circimistances. 
For this reason it is very important for the 
parent to make sure that proper care is taken 
of the temporary teeth, and so guard against 
deformities. 

In nearly all cases it is possible to save the 
teeth from early decay by inspection, cleanliness, 
and prompt attention to the first signs of decay. 
Careful attention to this matter is the duty of 
every parent. It is also the duty of every young 
person to form the habit of keeping his teeth 
thoroughly clean. 

What is the purpose of dental inspection in the 
public schools ? The purpose of dental inspection 
in the public schools is to discover the condition 
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of eacii child's teeth and the nature of tiie tooth 
trouble, if there is any. In order that the school 
may best serve its purpose — that the children 
may leam their lessons, obey their teachers, 
and remain in good health — the teeth of every 
child must be inspected and dental troubles 
corrected. The dental inspector furnishes a 
card showing the character of the disease or 
deformity. The child brings the card to the 




A school dentist inspecting a ckild's teeth 

parent, who then takes it to the family dentist. 
By means of this card the dentist will know at 
once where to look for the trouble. 

Parents who are not able to pay for such 
services can go to the public dental clinic, which 
provides free treatment. Such clinics are of 
the greatest importance to a community, and 
no village or city shoxild be without one. ' 
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Many children in the public schools have 
never had their teeth examined by a dentist. 
In many cases the parents, even, do not examine 
their children's teeth and do not know their 
condition. Experience has shown that when 
tooth troubles are remedied, great improvement 
takes place in scholarship, deportment, and 
health. It is almost useless to try to teach 
children whose teeth are bad. Rather than 
try to teach such children, a determined step 
should be taken to save their teeth. If neces- 
sary, the teaching should be entirely discon- 
tinued imtil the teeth are saved. A child can 
learn his lessons next year, but he can never 
get back the teeth he loses. 

Careful dental inspection and prompt atten- 
tion to the faults it reveals, together with public 
support of a clinic for the children whose parents 
are imable to pay for such work, are of great 
importance to the welfare of every community 
and the success of every school. 

THE SALIVARY GLANDS AND THEIR FUNCTION 

What are the salivary glands? The salivary 
glands are little sacs connected with the mouth 
by small ducts or tubes. They secrete the fluid 
called saliva. The saliva is constantly entering 
the mouth through these tubes, but the flow is 
especially abundant during the time of eating. 
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The saliva contains, as we have learned, an 
enzyme valuable in the digestion of starch. 

There are three pairs of salivary glands. 
The largest pair lie one on each side near the 
ears. They are called the parotid glands, the 
word parotid meaning "near the ear." In the 
grown person they vary from one half ounce 
to an otmce in weight. The ducts through 
which the saliva enters the mouth are about 
two inches and a half in length. 

The pair of salivary glands next in importance 
is situated one on each side imder the lower 
jaw in the upper part of the neck and are known 
as the submaxillary (under the jaw) glands. 
The third pair of salivary glands is situated 
under the tongue. They are called the sub- 
lingual (tmder the tongue) glands. 

The salivary glands are abtmdantly supplied 
with arteries, veins, and nerves. They are 
active at all times, but become very active when 
we are himgry, when we smell a good dinner, or 
when we sit down before an appetizing meal. 
You have all heard of the mouth ''watering." 
This means that the salivary glands are pouring 
a large amotmt of saliva into the mouth in an- 
ticipation of the good food which the sense of 
smell or of sight has discovered and reported. 
New saliva is always gathering in the glands to 
take the place of the fluid that is discharged. 
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The gland under the tongue may be regarded 
as one gland, although, since it is divided by 
the middle line of the tongue, it is practically 
two separate glands. For the discharge of 
saliva, the gland under the tongue has a large 
number of ducts, varying from eight to twenty, 
each with a separate opening into the mouth. 

Constant chewing, especially of a substance 
that tastes good, will cause the glands to dis- 
charge large quantities of saliva. But such 
continuous activity of the glands cannot be 
regarded as desirable. The fimction of the sal- 
ivary glands should not be wasted by chewing 
gum or any other useless substance. When 
they are abused in this way, the glands become 
overworked and worn out, and so become un- 
fitted to play their part in aiding the processes 
of digestion. 

A STUDY OF SWALLOWING 

How do we swallow our food ? When the food 
has been well masticated and thoroughly mixed 
with saliva, the natural tendency is to pass it 
back toward the base of the tongue in the form 
of a holus (ball) . From the base of the tongue 
it passes into the opening of the esophagus, the 
tube situated behind the windpipe and lead- 
ing from the mouth to the stomach. The bolus 
is then swallowed. The process of swallowing 
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cannot be controlled by the will. It is invol- 
untary or automatic. The fibers of the esopha- 
gus contract involuntarily and force the food 
into the stomach. You can keep the food from 
getting into the esophagus, but once it is there 
you cannot by any force of the will prevent 
yourself from swallowing it. 

If the food, instead of going into the esopha- 
gus, should enter the passage to the limgs, 
violent protests would result, in the form of 
coughing. This is the means nature takes to 
drive the imwelcome substance away. Should 
the food become fixed or fastened in the open- 
ing of the trachea (windpipe) the supply of air 
would be cut off from the lungs and death 
would follow. 

Instead of swallowing, does the esophagus ever 
work the other way ? Yes, in certain cases of sick- 
ness nature often reverses the act of swallowing 
and the food is forced up through the esophagus 
and out into the mouth. This is called vomit- 
ing. That process is also involimtary. We 
cannot prevent vomiting by means of the will. 
But we can cause it by irritating or tickling 
the throat, by taking medicine which produces 
nausea or irritation of the stomach, or by drink- 
ing warm water, especially if it contains a Uttle 
salt. ^Thus by mechanical means or by medi- 
cines we may aid the stomach in ridding itself 
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of substances which it cannot properly digest. 
The fibers of the esophagus reverse the action 
of swallowing and drive the food out again. 

Ruminant animals, — those that chew the cud, 
like the cow and the sheep, — are provided with 
a special stomach. This stomach receives the 
food in the form of boluses produced by the 
process of chewing. When this stomach is 
full and the animal stops eating, these boluses 
one by one are sent back into the mouth, where 
they go through a second process of chewing. 
When swallowed the second time, the bolus 
passes into a 
second stomach. 

The human 
being is not pro- 
vided with any [ 
apparatus of \ 
this kind. We 
must, therefore, 
do our chewing 

well while we ^'niestinea 

have the chance. ■5'"^* "^ " ««'■ ''"^"^ ''""' "^ ^'^^ 
Is it desirable to aid the process of swallowing 
by using liquids while chewing? This question of 
the use of hquids while chewing has been the 
subject of much discussion. The best authori- 
ties generally oppose the use of liquids while 
chewing. They claim tiiat such liqmds lessen 
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the activity of the salivary glands so that a 
decreased quantity of saUva is sent into the 
mouth. If we do not take liquicjs, and if we 
chew bur food a little longer, greater quantities 
of saUva will be mixed with the food. This is 
especially desirable when eating starchy foods. 
When eating lean meats, eggs, and foods of that 
kind, it makes little difference whether the 
Uquid required for the process of swallowing is 
provided by the salivary glands or by drinking. 
But it is far' better to do the chewing and 
swallowing first, and then, if more Uquid is 
needed in the stomach, to drink afterward. 
If the liquid used is a food, as in the case of 
milk, the objections to drinkirig during the meal 
are largely removed. 

We have already called attention to the 
desirability of eating only one kind of food 
at a time. The same principle applies here. 
Swallow your food first; then drink afterward. 
But we must not forget that the food in the 
stomach must have a certain quantity of Uquid 
mixed with it in order that it may be more 
easily acted upon by the digestive fluids. 

Good sense and good advice wiU lead children 
to take the proper amount of liquids during or 
after the meal. But such Uquids as coffee, tea, 
cocoa, chocolate, or beer should, of course, not 
be given to the child. 
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THE FUNCTION OF THE STOMACH IN DIGESTION 

What is the stomach? If you follow the Detroit 
River as it flows south from Detroit you will 
soon come to where the river widens into a lake. 
About two hundred miles east it contracts and 
again becomes a river, which rushes over 
Niagara Falls. Lake Erie may therefore be 
regarded as an expansion in a river. The 
stomach bears much the same relation to this 
esophagus, or gullet, that Lake Erie bears to 
the Detroit River. It is an enlargement of the 
esophagus and has a shape somewhat similar 
to that of Lake Erie. 

The stomach is situated in the upper part of 
the abdominal cavity and is separated from the 
lungs and heart by a muscular partition called 
the diaphragm. 

The esophagus 
enters the stomach 
at a point near the 
heart, and there- 
fore the opening is 
called the cardiac 
(heart) orifice. The 
exit from the stom- 
ach, corresponding 
to the Niagara River, is called the pylorus. 

The size of the stomach varies with the size 
and age of the individual. In the adult of 
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ordinary size the stomach is about twelve 
inches in length and four inches in diameter at 
the greatest point. Its weight, empty, is about 
five ounces. In the infant the stomach is very 
small, and when distended is not able to hold 
much more than half a pint. In the adult the 
stomach can be stretched considerably and can 
hold large quantities of liquid 
and semi-hquid material. 

The inner coating of the 
walls of the stomach is a 
mucous membrane similar in 
character to the membrane 
inside the mouth and the 
esophagus. The walls of the 
stomach consist of f oiu layers 
of muscular fibers that are 
capable of automatic move- 
ments, that is, movements not 
under the control of the will. 
It is by means of these au- 
tomatic movements of the 
stomach, and the movement 
of the esophagus in swallow- 
^. ing, that the contents of the 
^li stomach are kept well mixed 
and are gradually forced 
toward the pyloric opening, where they enter 
the small intestine. 




Enlarged section of 
the stomach wail 
1. gUnd mout 
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Because fowls have no teeth, they are provided 
with a very strong and muscular stomach. 
Chickens and ducks eat large quantities of 
sand and gravel with their food, and these 
form millstones between which the solid grains, 
like wheat and com, are ground into particles. 

The movements of the htiman stomach are 
very vigorous and they greatly assist the diges- 
tive processes. While these movements are 
automatic, they are influenced more or less 
by the state of mind of the individual. Atten- 
tion has already been called to the fact that 
pleasant conversation, agreeable companionship, 
and attractive surroundings promote digestion. 
In other words, these conditions stimulate the 
movements of the stomach and the activity of 
the glands which secrete the digestive ferments. 
On the other hand, anger, deep sorrow, or 
unpleasant surroundings interfere more or less 
with these movements, and the process of diges- 
tion is retarded or not properly performed. 
Sometimes the stomach is distended or stretched 
too much by overeating or drinking. This un- 
natural pressure tends to paralyze the muscular 
movements, and so interferes with digestion. 

If we could see the stomach during the normal 
process of digestion we should find it going 
through all kinds of contortions, as if in pain. 
The fact of the matter is that these are normal 
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chuming movements performed in peace and 
comfort in the course of preparing the food for 
use in the body. 

In the mucous membrane in the stomach are 
the openings of the glands which secrete the 
digestive ferments. When examined with a 
magnifying glass the mucous membrane looks 
much like honeycomb, for there are many small 
and shallow depressions. In these are the open- 
ings through which the fluid containing diges- 
tive ferments enters the stomach. This fluid is 
known as gastric juice. The word gastric is de- 
rived from the Greek word meaning "stomach." 

What digestive ferments are most active in the 
stomach? There are two principal digestive 
ferments in the gastric juice. In children's 
stomachs a ferment is secreted which has the 
power pf coagulating or curdling milk. This 
ferment is known as rennin. If milk remained 
in a perfectly liquid state in the stomach it 
probably would be expelled before it could be 
properly digested. Nature avoids this by con- 
verting the liquid milk into a mass of partly 
solid flakes. In this form the milk is retained 
in the stomach until the flakes are dissolved. 
In the manufacture of cheese, a substance called 
rennet extracted from pigs' stomachs is used to 
curdle the milk. 

As we grow older, the amount of rennin which 
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is secreted decreases. Nevertheless, as soon 
as we drink milk, and some of us drink milk 
all our lives, the rennin plays an important 
part as a digestive ferment. 

The other important digestive ferment in 
the stomach is pepsin, a digestive fluid active 
in the digestion of protein, converting it into a 
substance called peptone. 

In the gastric juice is also an acid, known as 




Converting Ike while of an egg into peplont 

hydrochloric acid, which has important functions 
in the process of digestion. 

We may illustrate the first step in the diges- 
ticm of protein as it takes place in the stomach 
by a simple experiment. If we heat the white 
of an egg it hardens. If we now add pepsin 
and a little hydrochloric acid to this sub- 
stance, and keep the mixtiu-e at the same 
temperature as that of the body, namely, 
ninety-eight and a half degrees, we shall see 
the white substance gradually dissolve. Soon 
all of it seems to have passed into solution, and 
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we know that the protein in the white of the 
egg has been converted into peptone. 

This same process takes place in the stomach 
and is the principal digestive fimction of the 
stomach. Though the food in the stomach 
may consist of a mixture of proteins, starches, 
sugars, and fats, practically the only element 
that tmdergoes extensive digestion in the stom- 
ach is the protein. 

The enzyme in the saliva, as we have already 
learned, begins to act upon starch as soon as 
it enters the mouth. Then when the starch 
has been swallowed, the hydrochloric acid in 
the stomach secretion gradually brings the 
activity of the saliva to a stop. This is because 
the saliva is alkaline, that is, it contains lime, 
magnesia, and soda. The enzymes found with 
these substances cannot act when they come in 
contact with acids. But it is probable that be- 
fore their activity has been brought completely 
to a stop by the acid, most of the starch has 
been converted into dextrin and sugar. 

The ordinary fats are not digested in the 
stomach, but they are probably churned up and 
mixed with other foods by the movements of 
the stomach walls. 

How do the digestive ferments act? No one 
can tell how the digestive ferments act. The 
enzymes themselves cannot be digested. They 
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are little workmen who tear down or alter the 
structure of the food. We know that this work 
is done, probably with the aid of water (hydroly- 
sis). We know it can be accomplished only by 
means of these ferments, that the ferments take 
an active part in the process, and that they are 
not living beings but belong to a class of sub- 
stances known as activators or excitors. We 
have learned in our study of vit amines (Book II, 
pp. 51-57) that such accessories or excitors exist 
in certain foods, but they are not ferments. 

What causes the flow of digestive fluids? We 
have already been told how the salivary glands 
are excited or stirred to action, especially at 
the thought or sight or odor of good food. All 
these sensations cause a flow of saliva. The 
activity of the glands of the stomach is also 
excited somewhat by the odor and taste of 
foods, but their activity is caused mostly by 
certain properties of the foods themselves after 
they have reached the stomach. 

Among the foods that are most active in 
exciting the glands of the stomach are meats 
and meat juices. Among those that are less 
active are bread and the cereals. Experiments 
have shown that if bread is introduced into the 
stomach of a dog in such a way as not to sug- 
gest the idea of food, the digestive fluids of the 
stomach will not be secreted and the protein in 
111-3 
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the bread will remain undigested for a long time. 
Some foods, therefore, have more effective 
properties than others in directly exciting the 
flow of the digestive fluids. 

How much hydrochloric add does flie stomach 
contain ? After the stomach is emptied of food, 
and before it receives a new supply, it probably 
contains but little hydrochloric add. But the 
healthy stomach is never free from the acid. 

The secretion of hydrochloric acid in the 
stomach is due to the same kind of excitation 
as that which produces the flow of the digestive 
ferments, pepsin and rennin. The acid first 
secreted after eating is absorbed by combining 
with the food. Gradually the acid permeates 
the food, and brings to a stop the action of the* 
saliva on the starch in the food. After an hotir 
or two the amotmt of acid increases and 
continues to increase tmtil near the end of 
digestion, when the flow begins to stop. 

What is heartburn? Heartbtmi is the result of 
too much acid in the stomach. In some forms of 
indigestion, usually caused by overeating or eat- 
ing certain kinds of foods, a greater quantity of 
acid is injected into the stomach than is required 
for digestion. This acid causes disturbance and 
pain. Since the stomach is placed near the 
heart, the trouble was thought to be in the 
heart and so was called heartbtun. 
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The proper remedy for heartburn is to avoid 
eating too much, and especially to avoid eating 
such highly spiced foods as fruitcake, plum 
pudding, and mince pie, which are very apt 
to affect some people in that way. Alcoholic 
drinks of all kinds, especially beer or wine, 
also have that effect on many people. Such 
articles shoiald 




thick liquid called chyme. This liquid passes 
from the stomach a little at a time into the 
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small intestine through the opening known as 
the pylorus. At the pylorus is a fold in the 
mucous membrane. This fold, opening and 
closing like a valve, prevents the liquid chyme 
from passing too rapidly from the stomach into 
the small intestine. 

How long does the food remain in the stomach ? 
Under ordinary circtimstances the stomach is 
practically empty in from three to four hours 
after eating. In infants, who get nothing but 
milk, the digestive process goes on more rapidly ; 
after two and a half hours the infant's stomach is 
practically empty. For this reason infants and 
children should be fed more frequently than 
grown people. Infants may be given six or 
seven meals a day. Children from two to five 
years of age may be given four or five meals a 
day. V Above the age of five we can usually get 
along with three meals, and grown persons 
not engaged in hard labor can get along very 
well with two meals. 

A STUDY OF THE SMALL INTESTINE 

What is the small intestine? The small intes- 
tine is a channel quite imlike that of a river 
in that the farther it is away from its begin- 
ning at the pylorus the smaller it becomes. 
The reason for this is clear. As the food 
enters the small intestine, and the process of 
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digestion continues, the food is gradually 
absorbed and hence decreases in quantity on 
its way through the small intestine. 

The first part of the small intestine is about 
as long as the breadth of twelve fingers, and so 
is called the duodenum, from a Latin word mean- 
ing ''twelve each." At first it passes slightly 
upward from the stomach, then curves down- 
ward, approaching the spinal column. There is 
no very distinct mark to show the end of the 
duodentim and the beginning of the next portion 
of the intestine, which is called the jejunum. 

The jejtmtim gets its name from a Latin 
word meaning ''empty," because it was always 
fotmd to be empty after death. The jejunum 
is about eight feet long, that is, about two fifths 
of the length of the small intestine. It is laid 
in convolutions or folds, so that it may lie 
within the cavity of the abdomen. 

The third . portion of the small intestine, 
the ileum, has its name from the Greek word 
meaning "to twist." It is distinguished by its 
ntimerous convolutions or coils. It is nearly 
twelve feet long, about three fifths of the whole 
length of the small intestine. In a grown per- 
son of ordinary size the small intestine is about 
twenty feet long. 

What is the function of the small intestine? As we 
have learned, the principal digestive fimction of 
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the stomach is to reduce the protein materials 
in the food to the form of peptone. The func- 
tion of the sahva is to start 
the digestion of the carbo- 
hydrates (starch and sugar) . 
The completion of the di- 
gestive process now takes 
place in the small intestine. 
In the duodenum the food 
is mixed with two impor- 
tant digestive secretions. 
One of these is the bile or 
gall. The bile is separated 
from the blood by the organ 
called the liver. The bile 
collects in a pouch called the 

feVt^Lt^s^om iivt^rfhU?i? g(itt bladder and is transmit- 
^^^o*iiSrbte^S;%!'p^^^^^^ ted through a tube opening 

aticduct; ^, duodenum • . .1 i -1 1 * 

mto the duodenum about- 
midway in its length. The other important 
digestive fluid consists of the secretions from 
a gland called the pancreas. These secretions 
also enter the duodenum. 

The bile and the secretions from the pancreas 
are alkaline, and so overcome the acidity of the 
food as it passes through the duodentim. The 
food thus first becomes neutral, that is, neither 
acid nor alkaline ; later it becomes alkaline as the 
amoimt of alkaline fluid in the intestine increases. 
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A STUDY OF THE LIVER AND THE PANCREAS 

What is the liver? The liver is one of the 
largest organs of the body. It is situated on 
the right side, immediately under the diaphragm. 
The Kver of a full-grown person in good health 
weighs from 
three to four 
pounds. I,t is 
from ten to 
twelve inches 
long, and six 
or seven inches 
wide, and about 
three inches 
thick in its 
thickest part. 
The liver is 
divided into 
two principal parts, the right and left lobes. 
There are also three smaller lobes. 

The liver is provided with a remarkable series 
of blood vessels (arteries and veins), for in addi- 
tion to its fimction of separating the bile from 
the blood it brings about many changes in the 
nutrients which are carried to it in the blood. 
We have been told how the proteins and the 
carbohydrates digested in the small intestine are 
carried to the liver by way of the portal vein. 
In the liver these products undergo fiuther 
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changes and are then sent out to all parts of the 
body by way of the blood stream. The liver 
bears practically the same relation to the intro- 
duction of nutriment into the body as do the 
lungs to the introduction of oxygen into the body. 

The amoimt of sugar circulating in the blood 
is determined by the liver. This amount is 
very small. Most of the sugars that are formed 
by the digestion of the carbohydrates in our 
food are not needed for immediate use. So, 
instead of being sent into circulation all at 
once, they are stored away after being changed 
by the liver into a sugar-producing substance 
known as glycogen. Glycogen may be regarded 
as a reserve supply of carbohydrates. - Little by 
little it is changed back again into sugar and 
sent into the blood, where it is burned accord- 
ing to the needs of the body. Thus we see 
that it is not necessary to eat sugar or starch 
constantly in order to supply fuel to the body, 
for when we eat more than is needed at a certain 
time the excess is at once stored away to be 
used at another time. 

Glycogen is not stored solely in the liver. It 
is found elsewhere, especially in the muscular 
tissues of the body. In certain kinds of meat, 
such as that of the horse and the lobster, there 
is a large amount of glycogen, so much so indeed 
that such meats taste sweet. The liver also 
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changes into sugar certain products of protein 
digestion. 

What other important function has the liver ? 
The liver has a very important function as an 
excretory organ. Bile, for instance, which is 
secreted by the liver, is largely a waste prod- 
uct, though it also has important digestive 
functions. Urea, which is excreted in the 
urine, is also manufactured chiefly in the liver 
from the final products of the digestion of 
proteins. The kidneys separate it from the 
blood and pass it on to the bladder, whence 
it is excreted. 

What is bile? In one sense bile is a waste 
product, separated by the liver from the blood 
for the purpose of eliminating it from the body. 
In the second place it has important digestive 
functions and in many ways performs the same 
ftmctions as pepsin in the stomach and the 
secretions of the pancreas. 

The formation of bile in the liver is probably 
a continuous process. But it is not poured 
continuously into the small intestine. In man 
and in some animals it is stored up in the gall 
bladder, from which it is poured through a duct 
into the duodenum. 

What is the pancreas ? The pancreas is a long, 
narrow gland lying in the upper part of the 
abdominal cavity near the duodenum. The 
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secretions hoax the pancreas enter the duodenum 
throi^h a tube or duct which unites with the 
duct leading from the gall bladdo-. The daily 
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quantity of secretions from the pancreas in a 
man of average size ranges from a little over 
a pint to almost a quart. 

What digestive ferments are secreted by the 
pancreas? One of the important digestive fer- 
ments in the flmd secreted by the pancreas is 
diastase or amylase. This has the same prop- 
erty as the enzyme called ptyalin in saliva, which 
we know begins the digestion of the carbohy- 
drates. Another important ferment from the 
pancreas is trypsin. This ferment acts on the 
peptone, the substance formed from the digestion 
of protein in the stomach. Thus trypsin is close- 
ly related to pepsin. The pepsin begins the work 
of digesting protein and the trypsin completes it. 

We have learned that the fats are not digested 
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in the stomach. But when they enter the small 
intestine the third important ' ferment in the 
secretion from the pancreas, known as lipase or 
steapsin, begins the digestion of the fat foods. 

Thus it is seen that three separate kinds of 
digestion take place in the small intestine. The 
peptones are broken up by trypsin into elements 
called amino acids; the carbohydrates (starch 
and sugar) are broken up by the diastase or 
amylase into maltose (malt sugar), dextrose 
(right hand sugar), and levulose (left hand 
sugar); the fat is reduced by the lipase or 
steapsin to glycerin and fatty acids. 

All these dissolved products now form a 
milky fluid called chyle. In that form the foods 
are readily absorbed through the thousands of 
little vessels which line the walls of the small 
intestine. These vessels then carry the foods 
into a common stream that is poured into the 
blood and so carried to every part of the body. 

A STUDY OF THE SPLEEN 

What do we know about the spleen? The 

spleen is situated on the left side, and very near 
the end of the stomach that is turned toward 
the heart. For many years the spleen was a 
mystery to those studying the growth and devel- 
opment of the body. It was thought to be an 
organ without a fimction, because it had no 
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duct by means of which its secretions could 

reach any part of the intestines. By some it 

was thoi^ht to 
is^ic impression ^^ ^^^ ^^ ^^ 

bad passions, 
such as ai^er 
I and envy. 
A later study 
of the spleen has 
brought out the 
fact that it goes 
through certain 
changes in size 
which keep step 
with the taking 
of food into the 
stomach and the process of digestion. After we 
have eaten, the spleen increases in size, continues 
to increase for several hours, and then slowly 
returns to its original size. Thus it is evident 
that in some way the spleen is in sympathy 
with, or is affected by, the process of digestion. 
The presence of certain substances in the 
spleen which are important in the nourishment 
of the body is another reason for believii^ that 
the spleen plays an important part in nutrition. 
The organ is also thought to have important 
ftmctions in connection with the red corpuscles 
of the blood, for they seem to xmd^go certain 
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changes when in the spleen. But it is certain 
that of all the organs of the body of any size 
the spleen must be regarded as the least impor- 
tant, since it has been found that if it is cut out 
of the body, life is not necessarily endangered 
by its absence. Animals continue to live and 
remain apparently in good health after the spleen 
has been removed. 

In a grown person weighing one hundred 
fifty pounds, the spleen weighs approximately 
one half poimd. In very old persons its weight 
diminishes in proportion to the weight of the 
body. In certain diseases it becomes much 
enlarged, and has been known in extreme cases 
to weigh twelve or fifteen pounds. 

We know less, perhaps, about the functions 
of the spleen than about the functions of any 
other important organ in the body. 

A STUDY OF THE LARGE INTESTINE 

What is the large intestine? When the food 
has passed through the small intestine and 
most of the food elements have been absorbed, 
the remainder enters the large intestine, which 
may be described as a secondary stomach. A 
comparison has been made between the stomach 
and Lake Erie. In like manner the large intes- 
tine may be compared to Lake Ontario. The 
entire food canal, including the mouth, the 
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esophagus, the stomach, the small intestine, and 
the large intestine, is known as the alimentary 
canal, alimentary being derived from a Latin 
word meaning "food" or "nourishment." 

The first part of the large intestine resembles 
a pouch, and is called the caecum. Two folds 
of membrane 
guard the open- 
ing from the 
small intestine 
into the cae- 
cum, keeping 
the digested 
food from re- 
turning into 
the small intes- 
tine. 

The passage 
of the food 
through the 
small intestine 
is quite rapid. 
Now as it potirs mto the large intestine the rate 
of progress is at once greatly reduced. It is 
evident, therefore, that the object of the large 
intestine is to receive the contents of the small 
intestine and hold them tmtil a convenient time 
for their excretion. 

In addition to the caecum, other parts of the 
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large intestine are the ascending colon, so called 
because this part leads upward; the transverse 
colon, which crosses the abdominal cavity from 
one side to the other; and the descending colon, 
the part which leads to the end of the intes- 
tinal canal, the rectum. 

The caecimi receives from the small intestine 
not only the excess food but also any remaining 
enzymes, alkaline substances, and waste prod- 
ucts that may be present. If there is any im- 
digested food, the digestive ferments carried 
with it into the large intestine may continue 
their work for some time, though always with 
less and less activity. 

The principal material absorbed in the large 
intestine is water. The contents of the intes- 
tine therefore become firmer and harder as 
they pass upward through the ascending colon, 
across the body through the transverse colon, 
and down to the rectum through the descend- 
ing colon. At this point the contents of the 
large intestine are called feces. After the feces 
have been retained in the large intestine for a 
varying period of time, they are voided from 
the body, the final chapter in the complete his- 
tory of the food in its course through the body. 

Are active organisms present in the large intes- 
tine? The contents of the large intestine favor 
the development of vast ntimbers of very small 
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organisms, known as bacteria. They exist in 
such enormous nimibers that a considerable 
part of the feces in the rectum may be ntiade 
up of these small vegetable growths. 

These bacteria act particularly on any remain- 
ing protein matter in the contents of the large 
intestine, forming products consisting of liquid, 
soUd, and gaseous substances. The most impor- 
tant of these substances in regard to their effect 
on health are indoly phenol, and skatol. Phenol 
is the chemical name of carbolic acid. Indol 
is related more or less closely to indigo. Skatol 
is distinguished by its bad odor. 

These products pass into the blood to a large 
extent through the walls of the large intestine, 
and are finally separated from the blood by the 
kidneys and sent to the urine. All these prod- 
ucts are found in normal, healthy persons. 
They are regarded as dangerous to health if 
formed in too large quantities or if kept too 
long in the body. 

QUESTIONS TO HELP THE PUPIL 

I. Why must food be digested? 2. To what process 
can you compare the act of chewing? 3. Which jaw 
moves when you chew? 4. Which of the stones in the 
old-fashioned mill moves, the upper or lower? 5. What 
is the use of the front teeth? What are they called? 
6. What are the molars? 7. At what age does the child's 
first teeth appear? 8. How many temporary teeth are 
there? 9. Name other teeth besides the incisors and the 
molars. iQ. When does the child begin to lose the 
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temporary teeth? 11. At what age have all the perma- 
nent teeth appeared? 12. What are ** wisdom'* teeth? 
13. What is the enamel of a tooth? the cement? 14. 
What is the principal tooth substance? 15. Where in 
the tooth are the nerves and blood vessels? 16. Wh^t 
is the ftmction of the roots? 17. What are the uses of 
saliva? 18. Describe the salivary glands. 19. How does 
the saliva enter the mouth? 20. What is an involuntary 
process? Name one. 21. Through what tube does the 
food pass to the stomach? 22. What would happen if 
the food should enter the windpipe ? 23 . What is another 
name for the windpipe? 24. What is a bolus of food? 
25. What animal chews the cud? How do the cow*s 
jaws move? 26. What is the diaphragm? 27. To what 
may we compare the stomach? 28. What is the ordinary 
size of an adult's stomach? 29. Of how many layers do 
the walls of the stomach consist? 30. By what means 
is food mixed and sent on through the stomach to the 
pylorus? 31. What glands do we find in the mucous 
membrane lining the stomach? 32. What are the two 
principal digestive ferments in the stomach? 33. How 
does rennin act on milk? 34. What is the function of 
pepsin? 35. What acid is secreted in the stomach? 
36. May children be fed more often than grown people? 
why ? 37. What is the purpose of the fold at the pylorus ? 
38. What is the ordinary length of the small intestine in 
a grown person? 39. From what organs are digestive 
ferments sent into the small intestine? 40. Is the food 
acid or alkaline when it passes from the stomach into the 
small intestine? 41. How is it changed here? 42. What 
are the ftmctions of the liver? 43. What is glycogen? 
44. From what is urea manufactured? 45. What impor- 
tant digestive fluid is secreted by the liver? 46. How 
do the digested or dissolved food products get to all parts 
of the body? 47. Why was it believed that the spleen 
had no ftmction? 48. Where is the spleen located and 
how does it act during the process of digestion? 
49. Why can the spleen be regarded as of little impor- 
tance? 50. What part of the intestines does the food 
enter after leaving the small intestine? 51. How does 
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the rate of progress of the food change as it enters 
the caecum? 52. What is the main object of the large 
intestine? 53. What vegetable growths or organisms are 
present in the large intestine? 54. What is the work of 
these bacteria? 55. What work do the kidneys perform? 
56. What do we mean when we say a child is "cutting 
teeth"? 57. What is usually given the child when 
cutting teeth? What is the danger of this? 58. What 
is the danger of losing a temporary tooth too early? 
59. What food contains minerals in the proportions needed 
to build up bones and teeth? 60. Why is bread, made of 
the whole grain ground in the old-fashioned way, good for 
children? 61. Why must food be thoroughly chewed? 

62. What may lodge in the cavity of a decayed tooth? 

63. How may we avoid having bad teeth? 64. Have your 
teeth been inspected by the school dental inspector? 

65. What kind of food requires saliva for digestion? 

66. What is the best rule to follow in the use of a beverage 
at a meal? 67. Why does overeating interfere with the 
stomach movements? 68. What foods are most active 
in exciting the glands of the stomach? 69. What is 
heartburn? What causes it and what is the remedy? 



Vena cava 



Aorta 



III. A Study of the Kidneys 

What is the function of the kidneys ? The kid- 
neys are situated in the lower back part of the 
abdominal cavity, one on each side. They are 
connected with the bladder by excretory tubes. 
The function of the kidneys is to separate 
wastes from the blood and 
pour them into the bladder 
in the form of urine for 
excretion from the body. 
In the urine besides water 
is excreted the excess of ' 
mineral salts that have 
been taken in with the food, 
after they have served their 
fxmction in the body; also 
the waste substance, urea, 
which is formed from the 
final products of protein 
digestion; the sulphuric acid 
compounds of indol, skatol, 
and phenol; and finally uric 
acid. 

The principal constituent 
of the urine is urea. Urea, although a normal 
product of the breaking up of protein substances 
in the system, must be promptly eliminated from 
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the blood. It is to the kidneys that we owe 
otir safety from acute and fatal poisoning with 
urea, as well as from other disorders. If the 
kidneys cease to act, as is the case in some 
diseases, death follows within a short time. The 
kidneys are therefore very important from the 
point of view of health. 

The kidney is about four inches in length, 
two inches in breadth, and one inch in thickness. 
The left kidney is somewhat longer and thinner 
than the right. The right kidney, however, is 
situated a little lower down in the abdominal 
cavity than the left, because of the large space 
required by the liver, which lies just above it. 

The excretory duct of the kidney is called the 
ureter. It leads from the kidney to the bladder. 
The duct leading from the bladder is called the 
urethra. The quantity of urine excreted is 
determined largely by the character of the diet 
and the amotmt of water, or other liquids com- 
posed chiefly of water, that the individual drinks. 

What are some of the common diseases of the 
kidneys ? There are two common diseases of the 
kidneys. These are very troublesome and dan- 
gerous and are due perhaps to causes entirely 
external to the kidneys themselves. We have 
learned that in the normal nourishment of the 
body the sugars are burned, forming chiefly 
carbon dioxide and water. Sugars, therefore, 
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are not fotind as normal excretions in the urine. 

There are certain conditions that may favor 
the appearance of sugar in the urine for a short 
time. * For instance, the eating of enormous 
quantities of sugar may cause a temporary 
excretion of sugar in the urine. There are also 
certain temporary disorders, during which sugar 
may be excreted. In good health and with a 
well-ordered diet the sugar is entirely burned. 

There is a disease, called diabetes, which is 
characterized by the presence of large quantities 
of sugar in the urine. While it is usually spoken 
of as a kidney disease, it is more properly a diet 
disease. It can be controlled to a great ex- 
tent by diminishing the amoimt of sugars and 
starches in the food. 

We have learned that protein matter normally 
digested in the body is reduced to the form of 
amino acids, in which form it is built up into 
the tissues of the body and finally broken into 
the substances composing urea. There are cer- 
tain disordered conditions of nutrition in which 
soluble protein, known as albumin, is separated 
from the blood through the kidneys and appears 
in the urine. This condition may be a dan- 
gerous form of disease and should receive 
prompt medical attention. The disease is known 
as BrigMs disease from the name of the 
physician who first described it accurately ^ ^xsjA. 
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is spoken of as a kidney disease, when perhaps 

the kidney is without blame in the matter and 
the trouble really comes from disordered con- 
ditions of nutrition. 

The proper fimctioning of the kidney and the 
proper evacuation of the bladder are necessary to 
health, and the principles on which the activity 
of these organs depends should be taught to all 
in order that health may be preserved. 

QUESTIONS TO HELP THE PUPIL 

I. Describe and locate the kidneys. 2. What is their 
work? 3. What disorder of the kidneys does eating 
large quantities of sugar sometimes cause? 4. What 
are two dangerous diseases of the kidneys? 5. What 
would be the result if the kidneys should fail to act? 
6. How large is the kidney? 7. Explain the connec- 
tion between the kidneys and the bladder. 8. What 
should be taught to all? why? 



t 

IV. How Foods Are Absorbed 

How do nutrients obtained by the process of 
digestion pass into the blood ? It is not difficult 
to get a general idea of how the nutrients — sub- 
stances which promote growth — obtained by 
the digestion of foods are absorbed. The 
whole alimentary canal is lined with what is 
known as mucous membrane. This mucous 
membrane constantly secretes a fluid consisting 
mostly of water and containing a viscid (sir- 
upy or ropy) substance. This fluid is called 
mucus. Usually the mucus is colorless but 
sometimes, when secreted in large quantities 
or if secreted from certain membranes, it is 
milky or even yellowish in color. Mucus is 
necessary to the proper activity of the whole 
alimentary canal, aiding the digestive secretions 
from the stomach, the pancreas, and the gall 
bladder in dissolving the food substances. Any- 
thing that interferes with the normal secretion 
of mucus tends to cause or promote disease. 

In addition to the mucous glands and the 
openings through which the digestive secretions 
enter the intestines, the mucous membrane, 
especially in the small intestine, is supplied also 
with an extensive system of absorbing vessels. 
Thus substances pass in both directions through 
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the mucx)us membrane, the digestive ferments 
and the mucus entering the intestine, and the 
digested foods and water passing out. 
Are food products absorbed in the stomach? 

Though digestion takes place in the stomach, 
Uttle food is absorbed there. On the other 
hand, certain substances that cannot be regarded 
as true foods are readily absorbed. The most 
important of these is alcohol. Water, which 
is so important to the digestive process, is not 
absorbed in any quantity through the walls of 
the stomach imless alcohol is present. Small 
quantities of certain sugars in our foods are 
probably absorbed, but it is doubtful whether 
this is true of any of the fats. 

Where are foods principally absorbed? The 
principal system of vessels provided for the 
absorption of food is distributed throughout 
the mucous lining of the small intestine. Slen- 
der projections, known as villiy cover this lining. 
In these are spread millions of tiny capillaries, 
which take up the products of the digestion of 
the carbohydrates and also of protein. These 
products are then conveyed into the blood stream 
and carried through a tube known as the portal 
vein leading into the liver. 

A portion of the sugar is retained in the blood 
and passes immediately from the liver to all 
parts of the body to be burned for the purpose 
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of producing heat. The remainder is converted 
into glycogen (sugai- producer) and stored away, to 
be given up Utile by little in the form of sugar 
as conditions may require. The blood must al- 
ways contain a certain amount of sugar at all 
times. It has been estimated that a thousand 
parts of blood carry only about fifteen parts of 
sugar. For this reason one of the chief functions 




A lymphatic g 

of the liver is to receive the whole mass of car- 
bohydrates (sugars) as they aie digested, and 
send them into the blood in the proper quantities. 
How are the fats absorbed? A second system 
of absorbers is present in the villi. These are 
suited to the absorption of digested fats. They 
are called lymphatics, or lacteals from a Latin 
word meaning "milk," because when the fats 
are absorbed they form a milky emulsion. 
The contents of the larger absorbing vessels 
become whitish in appearance when food con- 
taining a large quantity of fat is absorbed. The 
fats are carried through the lacteals into a large 
tube which in turn empties into the blood stream. 
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There is no doubt that a part of the digested 
protein is absorbed by the same vessels that 
take up the fat, and that it enters the circulation 
together with the fat. In fact, it is not improb- 
able that neither system of absorbers is engaged 
exclusively in taking up a certain food product. 

While the greater part of our food is absorbed 
in the small intestine as described, we should 
not forget that the mucous membrane probably 
has a slightly absorbent effect throughout the 
alimentary canal, with the possible exception of 
the mouth and the esophagus. 

Are certain kinds of protein more easily 
absorbed than others? Experience has shown 
that certain proteins, especially those contained 
in milk and eggs, and to a certain extent those 
found in meats, are more readily and completely 
absorbed than some others. It is believed that 
ninety-five per cent or even more of the protein 
of milk, eggs, and meats, eaten in normal quan- 
tities, is digested and absorbed. 

On the other hand, the gluten of wheat, the 
zein of com, and the hordein of barley are not 
absorbed so completely as the protein in milk 
or in meat. The protein in bran, especially, is 
not absorbed in large quantities. The reason 
for this difference lies not so much in the nature 
of the protein itself as in the fact that the 
vegetable proteins are incrusted with a substance 
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known as cellulose as well as with other sub- 
stances that are difficult of digestion (pento- 
sans) , and so protect these proteins more or less 
from the action of the digestive ferments. 

How are mineral substances absorbed? The 
mineral substances we eat are doubtless 
absorbed in the various ways in which the 
proteins, the carbohydrates, and the fats are 
absorbed. Common mineral substances (salt, 
phosphates, lime) are not readily absorbed in 
the stomach imless they are present in large 
quantities, and it is not likely that common salt 
will be eaten by any one in very large quantities. 

The use of condiments in our food has a 
stimulating effect on the absorbent action of the 
mucous membrane of the stomach and doubtless 
also of the small intestine. 

QUESTIONS TO HELP THE PUPIL 

I. What membrane lines the inside surface of every 
portion of the alimentary canal? 2. What fltiids are 
secreted by this membrane? 3. Where does the greatest 
absorption of food take place? 4. What are the villi? 
5. What are the capillaries and what is their use? 6. 
What is the use of the portal vein? 7. What are the 
absorbers called that take up the fat and oil products? 
8. Why are these absorbing vessels called lacteals? 9. 
What duct or tube carries these products into the blood 
stream? 10. What proteins are most readily absorbed? 
II. Why are the cereal proteins not so easily absorbed 
as the proteins in milk, eggs, and meats? 12. How are 
mineral substances absorbed? 13. Do condiments aid 
absorption in the stomach? 



V. The Blood Stream 

What is the blood? The blood is the liquid 
which flows through the arteries and veins of 
the body, carrying nourishing materials with 
which to build tissues and to make them grow. 
It also carries the oxygen by means of which the 
heat and energy of the body are produced, and 
the mineral salts which maintain the blood in 
an alkaline condition and thus keep the muscles 
of the heart active in propelling the blood 
through the arteries. The blood also carries 
to the proper organs waste products, such as 
water, carbonic acid, urea, and used-up mineral 
salts. 

What are the chief constituents of the blood? 
Water is the most abimdant constituent of the 
blood, its proportion being nearly eighty-one 
parts in a htmdred. Besides water, blood con- 
tains nitrogenous materials called plasma. In 
blood that has been removed from the body, 
the plasma hardens, forming what is called a 
*'clot/' If the clotted blood is washed with 
water, a fibrous substance known as fibrin is 
separated from the other contents of the blood. 
It is foimd to be of a yellowish-white tint. The 
other substances in the plasma after the fibrin 
has been separated form a liquid called serum. 

B4 
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How soon does the blood clot after it leaves the 
body ? The blood of different individuals varies 
greatly in this respect. It also varies in the 
same person, according to the state of health. 
In some diseases the blood, when removed from 
the body, does not clot at all. In others, the 
blood clots while it is still in the body. In 
the latter case the clots lodge in the valves of 
the heart and death speedily follows. 

The usual time required for healthy blood to 
clot after it flows from the body is from five to 
ten minutes. 

What are other constituents of the blood? The 
blood is full of disk-like bodies of minute size 
which can be seen only with the aid of a mag- 
nifying glass. These bodies are called cor- 
puscles. They are of two kinds, the red disks 
and the white disks. The red disks are really 
the oxygen carriers of the blood, and the white 
disks are especially active in safeguarding the 
health of the body. They are the policemen 
already referred to. 

How do white corpuscles guard against disease ? 
The white corpuscles were for many years 
objects of much speculation. Their true ftinc- 
tion was not known positively imtil a short 
time ago. The white corpuscles seem to have 
a life of their own, and to be able to govern 
their own movements. They do uo't t^caabsi ^ 
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rest and are not satisfied to be carried along me- 
chanically by the blood stream, but make little 
journeys on their own accoimt. It is beUeved 
that these white cells have the power to destroy 
the germs of disease which enter the blood. In 
other words, they act as policemen, and when a 
disease germ enters the blood it is their duty to 
arrest it and either drive it out or destroy it. 

What is the chief function of the blood? The 
blood of an animal, as the Bible says, "is the 
life thereof." Blood and life mean almost 
the same thing. The blood stream is the life 
stream. The blood distributes to all parts of 
the body not only the materials that are neces- 
sary for growth and repair, but also those that 
provide heat and energy. The blood also carries 
the oxygen that is necessary to the vital fimc- 
tions. Finally it carries away the waste mate- 
rials from the broken-down tissues. 

The blood in a healthy state, flowing away 
from the heart through the arteries, carries a 
large volume of oxygen and carbon dioxide 
loosely combined with the coloring matter. 
It is then a brilliant red. When the blood 
returns to the heart through the veins it carries 
less oxygen but a very considerably increased 
quantity of carbon dioxide. This fact is demon- 
strated very beautifully by the change of color 
which the blood tmdergoes when it passes from 
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the capillaries leading to the arteries to the 
capillaries leading to the veins. The change 
of color is from a brilliant red to a dull ptirplish 
blue. 

It is certain that the blood in a healthy state 
never loses all its oxygen, nor all its carbon 
dioxide. There is a normal minimum amoimt 
of carbon dioxide in the blood, and a normal 
maximum amount of oxygen. The venous 
blood carries approximately half its volume, or 
about forty-five per cent, of carbon dioxide. 
This is reduced to thirty-eight per cent in the 
arterial blood. 

If any very great change takes place in the 
blood to increase or diminish the minimimi or 
maximum content of carbon dioxide or of 
oxygen, serious troubles or even fatal results 
may occur. Nature's system of breathing ptire 
air is the best known means of maintaining the 
proper balance. 

What happens when there is too much blood in 
the body ? If both the voltime of the blood and 
the soluble substances contained therein are 
increased beyond the normal because of an 
over-generous diet and the drinking of large 
quantities of liquids, a greater effort than usual 
is demanded of the heart. The pressure which 
the blood exerts on the heart and the arteries 
'is increased. As the physician says, *'the blood 
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pressure is high." The blcxxi pressure may be 
very easily measured by wrapping the arm 
with a rubber or other air-tight envelope to 
which a delicate measuring instrum^t is at- 
tached. Air is now ptmiped into the air-tight 
envelope tmtil a sufficient pressure is produced 
on the arm to stop the pulsation at the wrist. 
When the pulsation at the wrist can no longer 
be felt, the measuring instrtiment will give the 
measure of the blood pressure. 

In youth and in early life the blood pressure 
is usually very low. As we grow older, and the 
walls of the arteries get firmer, the blood pres- 
sure increases. If the arteries are diseased so 
that their walls are thickened and very much 
hardened, the blood pressure is increased. 
When the blood pressure reaches one himdred 
sixty millimeters of mercury we know either 
that old age is coming on, that there is too much 
blood, or that the artery walls are becoming 
too thick. A pressure of one htmdred eighty to 
two hundred millimeters is evidence of a grave 
disease which must be carefully treated. In 
such cases, if the thickening and hardening of 
the artery walls has not proceeded too far, 
prompt relief may usually be gained by reduc- 
ing the diet, and especially by omitting meats 
and eating only simple cereals, fruits, nuts, and 
vegetables. 
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One of the principal dangers of a high blood 
pressttre is the effect on the heart. The in- 
creased labor of the muscles of the heart and the 
pressure on its cavities cause the heart to enlarge, 
and such enlargement is usually dangerous. 

What happens if there is too little blood in the 
body? If the volume of blood in the body 
becomes less than normal, or if the blood is 
thinned by the extraction of any of its normal 
ingredients, the health of the body is endangered. 
The condition of the blood can be determined 
by measuring the blood pressure, and by a 
chemical and microscopic examination. If it 
is too thin, a great lessening of the coloring 
matter of the blood is often noticeable, showing 
that practically all the contents of the blood 
are becoming poorer in quality. This condition 
causes paleness, colorless lips, a cessation of 
growth, general apathy and indifference, a lack 
of desire for exercise or work, and inability to 
prepare lessons or to do any mental work. 
The name physicians have given to the trouble 
is anemia. 

Thin blood or too little blood is a very serious 
matter. In fact, it is a disease, and should 
receive careful medical attention. Usually some 
fault in the diet or disease of the organs of 
digestion is the cause of such disorder. A diet 
of fresh, clean milk, fresh eggs, fruits, vegetable^^ 
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and fresh poultry or meat, properly cooked, will 
very often entirely remedy the trouble. 

What are "blood purifiers"? A great many pat- 
ent medicines claiming that they will purify the 
blood are offered for sale. * Turifying the blood' * 
is a phrase that has no definite scientific mean- 
ing. The blood is said to be impure whenever 
it carries too much or too little food or the germs 
of disease. Impure substances in the blood are 
usually enzymes or are poisons produced by the 
work of bacteria. The blood may also carry 
certain organisms, for instance the germs which 
produce malaria or chills and fever. Other 
living organisms may be present in the blood, 
producing specific diseases. Thus any scientific 
method of purifying the blood must be based 
on an tmderstanding of what the impurity is. 

It is evident that none but a scientific man 
who has made a specialty of the subject can 
discover whether there are impiuities in the 
blood and what they are. This he does by means 
of certain chemical tests, with the microscope or 
in other ways. No one but the trained physi- 
cian who understands the nature of the disorder 
can prescribe for it. 

The common so-called blood purifiers are 
usually mild cathartics by means of which the 
alimentary canal is thoroughly evacuated; or 
they may consist of certain herbs and roots 
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which have little or no effect in improving the 
condition of the blood. Beware of secret blood 
purifiers. As a rule they are fraudulent, and 
sometimes they are extremely injurious. 

What is the relation between the condition of 
the blood stream and "spring fever"? An ex- 
pression commonly heard in many parts of the 
coimtry is '* spring fever." In the first warm 
days of early spring many people, both yotmg 
and old, complain of feeling tired and lose all 
desire for active exercise or hard work, mental 
or physical. Strictly speaking, this feeling is 
not a disease, though it is called '* spring fever." 

The feeling of weariness in spring is due wholly 
to the increased temperature or to faults in the 
diet. In cold weather we should eat a much 
larger amoimt of food, especially heat-giving 
foods, than we do in warm weather. This is in 
order to supply additional warmth, since the 
heat of the body radiates, or is given off, so 
rapidly in the cold atmosphere. When spring 
comes on and it has grown warm, if we continue 
these habits of eating we consume more food 
than the blood stream needs. To rid the blood 
of the excess food the body uses up much of its 
vitality, so that one is likely to feel indolent 
and tired. 

As the warm weather comes on, the amotmt 
of food eaten, by grown people as well as by 
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children, should be promptly diminished. This 
will in a measure prevent the feeling of weariness. 
The stimulation produced by the cold tem- 
perattu"e of winter is also lacking in the warm 
days of spring, thus adding to the trouble. 

QUESTIONS TO HELP THE PUPIL 

I. What is the result of any change in the normal 
amount of carbon dioxide or of oxygen in the blood? 
2. What is a** blood purifier"? 3. When is the blood said 
to be impure? 4. What is it necessary to know about a 
disorder of the blood before any one can prescribe a 
remedy? 5. Why should so-called blood purifiers be 
avoided? 6. How can the blood pressure be measured? 
7. Tell how you may find out if there is too little blood 
in the body. 8. What is the name of this trouble? 9. 
What diet is good in cases of anemia? 10. What is 
** spring fever'*? 11. To what is this feeling of weariness 
due? 12. How may spring fever be prevented? 

13. What materials does the blood carry away from the 
lungs? to the lungs? from the digestive organs to 
the tissues? to the excretory organs, the liver and the 
kidneys? 14. What proportion of 'the blood consists of 
water? 15. Of what does plasma consist? 16. What is 
the fibrous substance in the hardened plasma? 17. What 
remains when the fibrin is removed from the plasma? 
18. What do corpuscles resemble? 19. What is the 
fimction of the red corpuscles? of the white corpuscles? 
20. What is the color of the blood when it returns to 
the heart through the veins ? 21. What is the color of the 
blood when it is carrying a supply of oxygen through the 
arteries? 22. Does the blood lose all its, carbon (Hoxide 
when it reaches the limg cells? 23. What is the normal 
minimum amoimt of carbon dioxide in the blood? 24. 
What is the effect on the heart and the arteries of too mudi 
blood? 25. What does a high blood pressure sometimes 
show as to the condition of the arteries? 26. What is 
the effect of high blood pressure on the heart? 



VI. A Study of the Nervous System 

THE BRAIN 

What are the functions of the brain? This is a 
very difficult question to answer, yet a perfectly 
natural one to ask. The brain is located 
within the skull. It is a mass of delicate tissue, 
arranged in lobes and folds, richly supplied with 
blood vessels, and covered with a heavy, tough 
membrane. That the brain is a very important 
organ is shown by the fact that nature has sur- 
rounded it with a fort or shield of bones to 
protect it from 
injury, blows, 
sudden changes 
in tempera- 
ture, and other 
harmful influ- 
ences. The 
shield of bones 
surrounding 
the brain is 
more or less 
spherical, and 
is completely closed except for a number, of 
perforations in the imder surface and the siu"- 
face toward the face. These openings admit 




94 



WILEY'S HEALTH SERIES 



the spinal cord, various nerves, and the arteries 
and veins that carry blood to and from the 
brain. 




poral; d. ipheii' 
uUlary jloj 

forehead and arotmd the ears — the brain is pro- 
vided with additional protection. Between the 
bony layers of the forehead over the eyes is an 
open space, so that if you puncture or pierce 
the outer layer of bone the inner layer may still 
remain uninjured. The bones back of and 
around the ears are also thickened for purposes 
of protection. 

The outside of the skull is covered with the 
skin and the hair, which also aid in protecting 
the brain. 
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Altogether, there are twenty-two bones in 
the struct tire of the head. Eight of these 
form the skull, the 
shield inclosing the 
brain. In infancy 
the bones of the 
skull are not joined. 
Between them are 
spaces composed of 
flexible substances 
that gradually har- 
den into bones as Sktdl of a Negro 

the child grows older. In the grown person the 
skull bones are usually so firmly united as to 
form practically a single bone. 

The skull varies in size. The skulls of edu- 
cated and civilized people are thought to have 

a larger capacity than 
those of ignorant or 
savage peoples. But 
the prevailing idea 
that the size of the 
brain indicates the 
amount of intelligence 
is by no means true. 
Yet idiots and others of 
Skull of a Caucasian arrcstcd mental devel- 

opment usually have small brains while many 
men of great mental powers have large brains. 
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. Ilie brain is supposed to be the organ of 
mental activity. Our intellect, in other words, 
is so closely associated 
with the functions of 
the brain as to warrant 
the statement that in- 
telligence is directly 
due to the working of 
the brain. You may 

Shdi of a chimpanzee j^g^ ^^^ ^q^^. qj. y^^ 

hand or your leg or your arm without in any 
way affecting your mental and intellectual 
vigor. But the moment the brain is attacked, 
intelligence diminishes, mental power decreases, 
and mental activity may cease altogether. 

The brain consists of four general divisions: 
First, the large brain, called the cerebrum, oc- 
cupying the greater part of the skull cavity and 
lying toward the front and the top of the skull. 
Second, the small brain, called the cerebellum, 
lying at the base and toward the back of the 
skull. Third, the expansion of the spinal cord 
within the skull, called the medulla oblongata. 
Fourth, the bridge-like structure at the base 
of the brain, called the pons from a Latin word 
meaning "bridge" and forming connecttt^ links 
between its parts. 

What is the total weight of the brain ? In a grown 
man of average size the brain weighs about fifty 



A STUDY OF THE NERVOUS SYSTEM 97 

ounces. In a woman it weighs about forty- 
five ounces. The weight of the brain varies in 
different individuals, but usually the variation 
from these figures is not more than about four 
ounces. Occasionally a man has been found 
with a brain weighing sixty-five ounces or more, 
and once in a while a woman with a brain 
weighing from forty-eight to fifty otinces. 

THE SPINAL CORD 

What is the spinal cord and where is it lo- 
cated? Next in importance to the brain is the 
spinal cord, a mass of soft tissue located in the 
backbone. The backbone, known also as the 
spinal column or simply as the spine, consists 
of a series of bones placed one above the other. 
Near the center of each bone is an opening, so 
placed as to form a continuous canal through- 
out the length of the column. This canal con- 
tains the spinal cord. 

Each of the thirty-three separate bones in 
the spinal coltmm is called a vertebra. The 
continuous canal formed by the cavities in the. 
vertebrae is not entirely circular, but more 
nearly of a triangular shape, especially toward 
the upper end of the spine. 

The top bone of the spine is called the atlas, 
after the mythological giant, Atlas, who was 
said to bear the world on his shoulders. The 
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skiill rests on this bone as the round globe 

was said to rest on the Moulders of Atlas. 

The second bone from the top provides a 

movable joint on which the head may be turned 

from side to side, and for this reason 
it is known as the axis. 

The other vertebrae next in order 
are numbered third, fourth, fifth, 
sixth, and so on. 

The upper part of the spinal 
column is called cervical (neck), the 
middle part dorsal (back), and the 
lower part lumbar (loins). 

The vertebrae are joined together 

by elastic bands of tissue, called 

ligaments, in such a way that the 

spinal coltimn may be bent from side 

to side, or forward and backward, 

without permitting the bones to 

move out of place. If one bone 

Sfnnai column is displaced or injured so that the 

^^^^sid^ ^^^^ ^^^""^ ^^ ^^^ central canal is changed 

b twdJ- ^^ interrupted in any way, the spinal 

d/^?ra?r cord, the delicate nerve substance in 

(T, coccygeal ^^^ intcHor of thc canal, would be 

injured or compressed. If this should happen, 
all parts of the body supplied by nerves having 
their origin in the spinal cord below the pgjnt 
of injtiry would be paralyzed. 
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There are two kinds of paralysis from which 
we may suffer. Paralysis may be caused by an 
injury to the brain, or by an injury to the 
spinal cord. In an injury to one side of the 
brain all of the opposite side of the body is 
paralyzed. But in an injury to the spinal cord 
both sides of the body below the point of injury 
are paralyzed. Thus in a case of paralysis 
any one who knows these facts can determine 
whether the trouble is 
due to an injury to 
the brain or to the 
spinal cord. 

What is infantile 
paralysis? The dis- 
ease known as infan- 
tile paralysis is the 
result of an infection 
of the spinal cord by 
bacteria, causing pa- 
ralysis. It attacks ■^" -^"^^ ^'-^ f-^" 
chiefly infants and growing children, though 
occasionally grown people fall victims to it. 
How sufferers become infected with the bacteria 
is not known and no remedy has yet been dis- 
covered. The disease is often fatal, and, even 
if the victim recovers, he may continue to suffer 
from partial paralysis. 

What is meant by curvature of the spine? The 
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backbone or spine in a normal, 
healthy individual is curved when 
viewed from the side. But it is 
straight when viewed from ihe 
back or from the front. Some- 
times there is a sharp, abnormal 
bend in the spine. Such defor- 
mity is known as curvature of the 
spine. It is often caused by hab- 
its of holding the body improperly 
when sitting or standing. People 
who are seated when at work 
often have a slight ciu^ature to the 

Improper posttton i r^. „„,,i.p(i v.^ tVip 

of the body when '^"' causec Dy tne 
iianding fact that the right 
side is used more frequently than 
the left. 

Most of the diseases of thp 
spinal cord begin with an injury, 
received very often in play or 
in the coiu-se of violent exercise. 
Some children injured in this way 
may recover entirely, while in 
other children the injury may 
cause the development of tuber- 
culosis in the part of the spine ^ 

that was affected. The result is %~_ 

permanent deformity and very improper poiUion 

r. 1 1 ii A • ■ J. oflhe body when 

often early death. Any mjury to waikint 
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the spine should at once receive the careful atten- 
tion of a competent physician. It is too serious 
a matter to overlook. Often grave deformities 
that cause lifelong suffering may be prevented 
by prompt attention to such an injury. 
Children should be cautioned against jumping 




A gamt o} football 

from a great height down to a hard surface. 
The shock often causes an injiuy to the spine. 
Injury to the spine is also liable to occur in 
violent play, as in wrestling or in football play- 
ing. Football playing cannot be commended as 
an exercise for young children and is dangerous 
even for older persons. For young people such 
sports as baseball, tennis, running games, and 
swimming are greatly to be preferred to football. 
What are tiie nature and function of the spinal 
cord? The spinal cord is made up of long, 
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thread-like nerve fibers passing toward or away 
from the brain, and of nerve cells which send 
out more fibers or branches in every direction. 
All are bottod together by connective tissue. 
The white appearance of the outside of the 
spinal cord is due to the presence of these 
fibers. The grayish appearance of the central 
part of the cord, as seen when one cuts across 
the cord, is due to the presence of cells. The 
front half of the cord controls physical move- 
ments ; the back half carries to the brain impulses 
coming from special sense organs. 

The spinal cord may be thought of as a 
continuation of the brain. While the brain is 
believed to have charge of otu" thinking proc- 
esses and sensations, the spinal cord is thought 
to be that part of the same system which has 
charge of our muscular movements and sensa- 
tions. When we are reading or studying, we 
are said to be cultivating our brains; when we 
acquire skill at play, or manual skill in such 
occupations as wood or iron working, or in 
playing upon a musical instrument, we are 
supposed to be educating the spinal cord. That 
scheme of development is best which includes 
the education of both the brain and the spine, 
so that we may become skilled in play, in work, 
and in exercise, and at the same time acquire 
knowledge. 
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THE NERVES 

What are the nerves? The nerves are fibers 
connecting the brain and the spinal cord with 




every part of the body. They have the prop- 
erty of transmitting sensations of pleasure or 
of pain. They also control all muscular move- 
ments. 

As the nerves approach the surface of the 
body they become finer and branch out into 
numerous thread-like fibers. These are so nu- 
merous that it is difficult to prick the skin with 
a fine needle without touching a nerve and feel- 
ing a sensation of pain. This sensation of pain 
is supposed to be carried along the nerve 
filaments to the spinal cord in a way that is 
not well understood. The sensation passes on 
through the spinal cord to the brain, where it is 
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registered as if it were a telegraphic message re- 
ceived at the end of a wire. Then another wave is 
sent back through the spinal cord and the nerve 
that controls the movements of the muscles. 

When yotu- finger touches an object hot 
enough to btim, you qtdckly though not in- 
stantly receive a sensation of pain. This is 
immediately followed by a sudden muscular 
movement which withdraws yotu* finger from 
the hot surface. But this does not happen in 
time to avoid a btim. If the transmission of 
the sensation, through the nerve and the reply 
to the message had been instantaneous yotu" 
finger would have been withdrawn before it was 
burned. This simple experience aptly illus- 
trates the phenomenon of the nerve ftmctions. 

Can the speed with which messages are sent 
through the nerves be measured? The speed 
with which nerve force travels along the nerves 
can be measured, though not with absolute 
exactness. 

It has been estimated that the velocity of the 
nerve sensation in the adult htmian being is 
about 30.5 to 33 yards per second. The rate 
of transmission of sensation in infants is much 
slower than this, and in some animals the rate 
of transmission is even slower than in infants. 
In the lobster it has been discovered to be about 
six and a half yards per second ; in fish the rate 
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is less than one fifth of a yard per second. 
But these figtires are only approximate. All 
we can say definitely is that the movement in 
the nerve fiber, or the rate at which a sensation 
is carried along the nerve, is many thousands 
of times less rapid than the rate of transmission 
of a wave of electricity through a copper wire. 

What is the function of the nerves? The nerves, 
as we have learned, have two distinct ftmctions. 
One is to carry sensations of all kinds — heat, 
cold, pain, pleasure — to the nerve centers; the 
other, to carry an impulse from the nerve centers 
to produce muscular contraction or movement. 
The nerves are the means of communication 
between otu nerve centers, the spinal cord and 
the brain, and the external world. 

What are voluntary and involuntary movements ? 
If you decide to reach your hand out for a 
book, the impulse to take the book originated 
in the brain center by a strange and mysterious 
force that we call the will. This impulse was 
carried along the nerves to produce a certain 
motion. You reach out your hand and take 
the book as determined by yotu* will. Such a 
movement is called a voluntary movement. 

On the other hand, if your finger happens to 
touch a hot stove there is an entirely different 
process. A message is sent from yotu finger 
to the receiving office in yotu brain that yotu 
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finger is burning. Immediately a message is 
sent back to the muscle controlling your arm 
and hand to withdraw your finger from the 
stove. Such a movement is called involuntary. 
No person whose hand by chance comes in con- 
tact with a surface hot enough to bum it, can 
control this movement. It is true that by the 
exercise of your will you can deliberately place 
your hand on a btiming surface and hold it 
there; that is, if your will is strong enough. 
But such an action is voluntary, while the action 
described is involtmtary or reflex. 

The beating of your heart is evidently a 
motion caused by nerve control. But the im- 
pulses which cause this motion are produced 
without your control, and the motion that 
results cannot be stopped by mere force of will. 
The movement of the diaphragm in breathing, 
by means of which the air is taken into and 
sent out of the lungs, is also involuntary. It 
is true that by exercising your will you can 
hold your breath for a certain length of time. 
There may be instances of persons who have 
held their breath long enough to cause death, 
but this is not possible for the ordinary person. 

There is a distinct difference between the 
function of the nerves in carrying a sensation 
and in carrying an impulse for muscular move- 
ment. In other words, one kind of mechanism 
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is required for conveying a sensation and an- 
other kind for carrying an imptdse to move a 
muscle. Separate wires — that is, separate nerve 
filaments — are provided which are connected 
with the spinal cord in different ways and at 
different places. The nerve filaments carrying 
sensations to the brain are called sensory nerves ; 




Reflex action. Message of a sensory nerve 
Of spinal cord; b, sensory nerve; c, motor nerve 

those transmitting an impulse from the brain to 
the muscles are called motor nerves. . 

The sensory-nerve filaments and the motor- 
nerve filaments are usually present side by side 
in all parts of the body wherever sensations 
are produced and movements required. But 
widely separate filaments may take part in 
connected sensory and motor processes. For 
instance, the sensation of burning the tip of the 
finger is transmitted by the very few sensory 
nerves affected by the bum. But the impulse to 
act is sent through all the motor nerves leading 
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to the muscles ci the arm and fhe hand and 
the finger. Thus, while the sensation of pain is 
transmitted by a very few nerves, the ^ort toes- 
cape the danger or pain comes back by hundreds 
of nerves, some of them widely separated. 

The action of widely separated sensory and 
motor nerves may be illustrated in another 
way. The nerves of the eye are spread over 
a membrane at the back of the eye. When you 
see a person or object the sensation of sight is 
transmitted along the sensory nerves of the eye. 
In answer to that sensation, either you may 
start in the direction of the person or object or 
you may turn and nm away from it. In either 
case the motor nerves in nearly all the muscles 
of the body are active as a restdt of the sensa- . 
tion sent to the brain along the nerve of sight. 

The nerves branch out from the brain to all 
parts of the body in much the same way as 
the arteries branch out from the heart, and 
come back from all parts of the body in much 
the same way as do the veins. 

The nerve system is very intricate. But 
the general idea of its structure and functions 
that has been given is sufficient for our ptu-- 
poses. There are some things about it that it 
would be impossible to explain. The whole 
action of the nervous system is one of the great 
^^oblems that science has not yet been able to 
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solve. We know where the nerves are, we know 
their functions, but by what means and by what 
power they perform them yet remain tmrevealed. 
There are certain special nerves, with certain 
special ftmctions, called senses, which will be 
described in the following chapter. 

QUESTIONS TO HELP THE PUPIL 

I. May injury to the spiae cause paralysis? why? 
2. How can you tell in a case of paralysis whether the 
brain or the spiae is injured? 3. What causes infantile 
paralysis? Has a remedy been discovered? 4. What is 
curvature of the spiae? How is it caused? 5. What 
disease sometimes develops when the spine is injured? 

6. What kind of play should children be cautioned against ? 

7. What games are to be preferred to football playiag? 

8. Describe the appearance of the brain. 9. Where is 
it and how is it protected? 10. How is the skull formed? 

11. Are the bones of the head in children firmly united? 

12. What is the varying size of the brain in different per- 
sons thought to indicate? Is this always true? 13. What 
is the use of the brain? 14. Of how many parts does it 
consist? 15. Where is the spinal cord located? 16. 
Describe the spinal column, telling of its structure and 
naming its parts. 17. What activities are thought to be 
controlled by the spinal cord? 18. What is the work of 
the nerves? 19. Is it known how the nerves carry the 
sensation to the spine and the brain? 20. Tell what 
happens in the nerves when your finger touches an object 
hot enough to bum. 21. Are sensations transmitted as 
rapidly through the nerves in children as in grown per- 
sons? ia animals? 22. How does the speed compare with 
that of electricity through a-copper wire? 23. Define and 
describe a voluntary movement; an involuntary move- 
ment. 24. Name some involuntary or automatic move- 
ments. 25. What are sensory nerves? motor nerves? 
26. May widely separate nerves take part in a sensory 
and motor process? Give an illustration. 



VII. A Study of the Senses 

THE SENSE OF SIGHT 

What is the optic nerve? The optic nerve, or 
the nerve that makes it possible for us to see, 
is one of the most important of the special 
nerves. The eye, the organ of vision, is one 
of the wonders of the human body. It is 
shaped much like a big marble, and is filled 
with materials that permit light to pass through 
as light passes through a window pane. You 
have seen how a mag- 
nif ying glass seems to 
fA enlarge an object seen 
^ *^ through it. Such a 
|Sa glass is called a lens. 
[V t- p I The eye, is provided 
"sin ^'^^ ^ ^^^^ rnade of a 
' transparent substance 
held in a transparent 
' membrane. This lens 
serves to concentrate 
the rays of light on a 
black membrane, 
called the retina, at 
the back of the eye. 
In the retina are distributed the nerves of vision. 
The sensations produced on these nerves in the 
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retina by the rays of light that pass through the 
lens of the eye are carried along the nerve called 




Diagram of a camera showing inverted image 

the Optic nerve to that part of the brain to which 
the neive is connected. There are registered 
the images produced on the retina. 

If you look closely at the eye of your friend 
you will see in it the image of yourself. But 
that image is merely the reflection of yourself 
as from a mirror. The image your friend 
receives of you lies on the black curtain or 
retina at the back of the eye. But if you could 
see the retina you would see nothing but a 
black surface. There is no difference in prin- 
ciple between the way the eye is made and the 
way a camera is made. Both have a lens in 
front through which the light is concentrated 
on a black sensitive curtain at the back. 

The image of an object, registered in the brain, 
is the same for all normal eyes. Looking at a 
picture you will see just what your neighbor sees, 
unless your eye or your neighbor's is defective. 
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What are the chief parts of the eye ? The eye is 

an almost perfectly round ball from three fourths 
of an inch to an inch in diameter, so placed in 

a depression in 
the bones of the 
face and skull 
as to leave ex- 
posed only a 
portion of its 
surface. 

The white 
outer coating 
of the eyeball, 

Diagram of the eye ^ portion of 

which is visible between the eyelids, is known 
as the sclerotic coat, from a Greek word meaning 
"hard." This coat is opaque, that is, light can- 
not pass through it, except in the portion over 
the rotmd colored spot in the front part of the 
eye. That portion of the outer coat is called 
the cornea. The cornea projects from the sur- 
face of the eyeball so that it looks as though 
it were a part of a smaller sphere lying within 
and slightly projecting from a larger sphere. 

The eye is filled with a transparent jelly- 
like substance called vitreous humor. Vitreous 
means ''resembling glass." The vitreous sub- 
stance in the eye, however, resembles glass only 
in its qviality of transparency. Toward the 
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front, just behind the cornea, is a transparent 
semi-solid substance known as the crystalline 
lens. It is made up of various layers or cells, 
■ which may be compared to the layers of an 
onion so far as structure is concerned. It is 
through this lens that the rays of light pass to 
the sensitive inside coating of the eye, which 
has already been spoken of as the retina. 

The retina is a black mem- 
brane, over which the numberless 
filaments of the nerve of vision, 
the optic nerve, are distributed 

Back of the cornea and in front 
of the lens is a colored ciutam 
called the iris. In the center of 
the iris is a circular opening 
the size of which is adjustable 
according to the intensity of 
the light. This opening is called 
the pupil. When the light is ^ // 
strong the iris contracts so that ^ ^/ / 
the opening is very smaU; in the ^^^^^ ^^ ,^^ ^^ 
dark the iris expands so that the shomng tens 

■ , ,r» ' - o. lem adjusted for 

openmg is very large. The ms ^r oW«ts: *. lena 
corresponds to the diaphragm of ^'i'^J'^^l^^^" 
a camera. If the hght is very l^'cSLb.'; TK 
intense the diaphragm of the leno/chtSSi *' "'' 
camera is set so that the hole through which 
the light enters is very small. If the light is 
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less intense the hole in the diaphragm of the 
camera is made larger. In the iris the adjust- 
ment of the opening is accomplished by means 
of small muscles which act automatically. 
The opening in the iris, whether large or small, 
always remains circular. 

What causes the color of the eye? The color of 
the eye is due to the coloring pigment in this 
movable iris. In all eyes the pupil appears to 
be nothing but a black spot. What you see 
there is probably a part of the retina. But 
what we call the * * color ' ' of the eye is determined' 
by the color of the iris. The color of the iris 
is never black, but varies from deep brown 
through all the different shades to light gray 
or blue. 

Are there other lenses in the eye besides the 
crystalline lens? The fluid in the front part of 
the eye, between the crystalline lens and the 
cornea, forms another lens. This fluid is called 
aqueous, meaning watery, because in its density 
it does not differ largely from water. The 
vitreous humor, which we have learned fills the 
greater part of the cavity of the eye behind the 
crystalline lens, also forms a lens. 

What is blindness ? Blindness is the incapability 
of the optic nerve to receive or transmit sensa- 
tions of light. It may sometimes be the result of 
some defect in the optic nerve or it may be caused 
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by some defect in the eye itself. If there is a 
defect in the lens, light cannot be transmitted 
to or concentrated properly on the retina. If 
there is a defect in the retina, the nerves cannot 
receive the impression or transmit it to the 
optic nerve. On the other hand the brain cells 
that receive the impression may be diseased. 
Thus blindness may result from defects in the 
make-up of the organ itself, from defects in the 
transmitting apparatus of the optic nerve, or 
from defective brain cells. When we say that 
an eye is *'put out,*' as the saying is, it does not 
necessarily mean that the eye is removed from 
its socket but that it is so injured that it no 
longer perceives sensations of light. The de- 
struction of the lenses of the eye by accident, or 
the hardening of these lenses because of old age 
or some other reason, may result in blindness. 

What is the disease known as cataract? The 
word "cataract" usually makes us think of 
water falling over a steep cliff. But when we 
use this word in speaking of the eye we mean 
the hardening and whitening of the crystalline 
lens. 

When this lens becomes hardened and whit- 
ened so the light can no longer penetrate to the 
retina, it may be removed and the remaining 
lenses used in its place. The vision will be 
restored, but it will not be so perfect as before. 
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What is nearsightedness ? The crystalline lens 
of the eye may be so formed that the rays 

of light from 

— an object are 

"^ brought to- 




Normxd sight 




Far-sight 




Short-sight 



Diagrams of eye showing nornuU, far, 
and short sight 



gether at a 
point that 
falls short of 
the retina, 
that is, some- 
where be- 
tween the 
lens and the 
retina. In 
some persons 
also the eye- 
ball may be 
too long from 



front to back. In such cases the rays of light 
from objects come together at a point that also 
falls short of the retina. In both these cases 
the person is said to be near-sighted. 

What is farsightedness? Farsightedness re- 
sults when the lens is so formed that it does not 
bring the rays of light to a point quickly enough 
or when the eyeball is short from front to back. 
A farsighted person can see better if the object 
is at a greater distance. In perfectly normal 
eyes the lenses are so adjusted that the person 
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can read print very well at a normal distance 
of fifteen or twenty inches and also can see ob- 
jects at a distance of one hundred feet, or half 
a mile, or mountains ten miles or even farther. 

How may nearsightedness and farsightedness be 
corrected? With a knowledge of the causes of 
nearsightedness and farsightedness, the man who 
has the skill can so grind lenses of glass as to 
correct the faults in the natural lenses of the 
eye. For nearsightedness a lens of one form 
and thickness is grotmd, and for farsightedness, 
a lens of another form and thickness. In this 
way opticians are able to correct imperfect 
vision due to faults iq the structure of the eye. 

What is astigmatism? In some eyes the 
cornea may not be curved correctly; that is, 
instead of forming an evenly curved surface 
there may be flat places on it. Such a defect 
may also be fotmd in the crystalline lens. The 
rays of light that pass through such an imeven 
surface cannot come together at the same point 
on the retina. The result is that some parts 
of the image are clear and other parts blurred. 
This trouble is called astigmatism. 

How may astigmatism be corrected? In cases 
of astigmatism the skilled optician provides 
glasses in which the form of the lens corrects 
the defects iq the cornea or the lens and causes 
the rays of light to come together to a point. 
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What is meant by the term "cross-eyed"? The 

movement of the eyes in their sockets is con- 
trolled by a number of small muscles. The 
eye can be moved to the right or left, up or 
down, or in a circle, in order that we may look 
at objects in different places without turning 
our heads. In normal eyes the movements of 
the muscles are coordinated; that is, they work 
so as to move both eyes at the same time in 
exactly the same way. You cannot move one 
eye without moving the other, though you can 
move one finger without moving another. 

Eyes are said to be crossed when the lines of 
vision are not parallel, that is, when they do 
not look in the same direction at the same time. 
They may either look toward each other, so 
that the Unes of vision cross, or they may be 
turned outward, though such cases are rare. 

How may cross-eye be corrected? Cross-eye 
cannot be corrected by any kind of mechanical 
contrivance. If there is only a slight crossing 
it may be helped by a skillful adjustment of 
eye glasses. In serious cases, there are only 
two plans to follow — either to leave the task 
to nature, which sometimes corrects this trouble, 
or to secure the services of a surgeon. An eye 
is turned too far in one direction or the other 
because one set of muscles is stronger than the 
other. For instance, the muscle that pulls the 
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eye toward the nose must not be stronger or 
weaker than the muscle that pulls the eye in 
the opposite direction. Thus both eyes can 
look straight forward or they can turn an 
equal distance to the left or to the right. If 
the muscle that pulls the eye toward the nose 
should become stronger than the muscle that 
pulls outward, the eye would be turned in. In 
such cases the skillful surgeon can cut some of 
the filaments of the muscle that is too strong. 

Crossing of eyes is often due to eye strain 
which arises from the intense effort to compen- 
sate defects in the seeing apparatus. < In such 
cases glasses correcting the defects in the lens 
of the eye will also often correct the crossing. 

What is meant by "sore eyes"? In addition to 
the disorders to which attention has already 
been called, the eye may be affected by various 
kinds of inflammation which attack the mem- 
branes surroimding it. These inflammations 
are often of an infectious character. The eye 
inflamed by overuse may cause the blood ves- 
sels of the eye to carry to it a larger amotmt of 
blood than is needed. These imnecessary par- 
ticles of blood sometimes remain in the capil- 
laries, thus producing what we call '* bloodshot" 
eyes. Overstraining, or using the eye in too 
brilliant a light, will cause similar troubles. 

When reading, one should never face the 
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light. It should come obliquely from behind, 
over one or the other shoulder of the reader as 
is most convenient. Using the eyes in a very 
bright white light may be injurious. The green 
light produced from tubes filled with mercury 
vapor or by the use of green shades is less 
harmful to the eyes than the white or brilliant 
light of the electric arc or incandescent lamp, 
or of the gas jet surrotmded with a mantel. 

Abraham Lincoln used the light from a burn- 
ing log in the fireplace. The light given off by 
such a flame is yellowish and is not very brilliant, 
so probably it did not hurt his eyes. We do not 
read by that kind of light now, and we are not 
so careful as we should be to shade our lights 
or to sit in such a position as to avoid eye strain. 

Has the eye any relation to health ? The eye is 
very important in its relation to health. Many 
forms of headache are due to defects in the eye. 
When these defects are remedied by the use 
of glasses grotmd correctly, the headache dis- 
appears and the general health is improved. 

Has light any relation to health? Not only 
is light necessary in order that otu* eyes may see, 
but light is also of the highest importance to 
good health. Without light, normal growth is 
impossible. If you put a potato in moist earth 
in a dark cellar it will sprout, but the plant will 
never reach mattu^e growth and will have no 
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color. If you keep a child in a dark room he 
may grow, but he will be thin, white, and 
imperfectly developed. 

But as a rule the beginning of all growth 
requires an absence of light. A seed will start 
to grow much more readily when covered with 
earth or if it is kept in the dark than if exposed 
to the light of the stm. All bacteria are vege- 
tables of a primitive character, and hence, like 
the seed of a vegetable, which is its primitive 
stage, the germs grow best in the dark. So 
light is of the highest importance to us, not only 
because it helps us to see and to grow, but also 
because of its ability to kill germs that threaten 
our health. There is no better germicide, or 
germ killer, than bright simlight. 

Light is as necessary to our existence as heat. 
Forttmately , one usually accompanies the other. 
The stm is the origin, so far as our world is 
concerned, of both light and heat. Light is 
indispensable to our health, and to it we owe 
most of the joys of life. 

What is the value of light in convalescence? The 
convalescent — the person who is on the way 
from sickness to health — should be kept as 
much as possible in the simlight. Unforttmately 
there are some diseases in which light is injuri- 
ous, as, for instance, in diseases of the eye or 
diseases which affect the eye. Measles makes 

III-5 
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the eye sensitive, and the boy or girl suffering 
from this disease must be kept in the dark. 
The person suffering from inflammation of the 
membranes of the eye must also be kept in the 
dark. But if a person has tuberculosis, or is 
recovering from some ordinary illness, he should 
remain constantly in a well-lighted as well as a 
well-ventilated place. 

Light is very effective in preventing the loss 
of hair. The sim's rays tend to kill germs that 
destroy the hair. If we go bareheaded as much 
as we can, and let the sun shine on our heads, 
there will be fewer bald heads in the future than 
there are at the present day. Tight hats cut 
off the blood supply from the scalp and thus 
promote baldness. 

THE SENSE OF SMELL 

What is the olfactory nerve ? The sense of smell 
is commimicated to the brain through two 
nerves, the filaments of which are distributed 
in- the shape of a fan principally on both sides 
of the membrane separating the nostrils. These 
nerves are called the olfactory nerves. They 
connect directly with two bulbs in the base of 
the brain, called the olfactory bulbs, and these 
in turn are connected with that particular part 
of the brain which seems to preside over the 
sense of smell. 
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How do the nerves carry the sensation of smell ? 

Just how the olfactory nerves receive and trans- 
mit the sensation of smell is not tmderstood any- 
better than how any nerve carries any kind of 
sensation. All we know is that it is their ftmc- 
tion to do so. Substances that have an odor 
and therefore affect 
the sense of smell 
are believed to give 
off very minute 
particles that carry 
the odor. These 
particles of matter 
strike against the 
filaments of the 
nerves in the nasal 

passages and excite section of nose showing olfactory nerve 

them in such a way 
as to produce a cer- 
tain sensation. This sensation is transmitted 
through the olfactory nerves to the olfactory 
bulbs and then to the brain. The sensation 
may be one of two general kinds, the agreeable 
or the disagreeable. The odors that produce 
an agreeable sensation do not excite the nerve 
filaments in the same way as do those that pro- 
duce a disagreeable sensation. 

Does the sense of smell in various animals differ 
in keenness? Very much so. Some animals 




a, olfactory tract; 6, olfactory bulb; 
c, olfactory nerves; J, nasal cavity; 
0, roof of mouth 
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have so keen a sense of smell that it is almost 
unbeUevable. By means of this wonderfully 




Bloodhounds scenltng the Iratl 

developed sense some dogs are able to trace 
the course which an animal or a man has taken. 
A dog and a human being are at almost opposite 
extremes in regard to the sense of smell. In 
man it is at a decidedly low stage of develop- 
ment, while in the dog it is very highly devel- 
oped. The hound can follow a trail swiftly and 
imerringly, so quickly are his olfactory nerves 
affected by the slightest odor. Bloodhoimds 
can distinguish the odor of one individual from 
that of another, and can thus track a certain 
person on trails over which many others have 
passed. The keenness of the sense of smell in 
Tich cases seems almost beyond comprehension. 
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Why do colds diminish the keenness of scent? 

It is easy to understand how a cold affecting 
the nasal passages can diminish the sense of 
smell and even stop it entirely. The olfactory 
nerve filaments are placed in the mucous mem-, 
brane of the nose in such a way that the minute 
particles carrying the odor may come in contact 
with them. A cold in the nose causes inflam- 
mation, a temporary thickening of the mucous 
membrane, and the excretion of large quantities 
of mucus which cover the membrane and thus 
prevent odors from affecting the nerve filaments. 
When the inflammation reaches a certain de- 
gree, the sense of smell is for a time entirely lost. 
Are there differences in the keenness of scent 
among different persons? There is just as much 
difference in the development of the sense of 
smell in different persons as there is in the devel- 
opment of other senses. In some people the 
sense of smell is very keen. There are many 
persons who cultivate it, for it is as capable of 
cultivation as any other sense. In those whose 
profession it is to distinguish between various 
objects by the sense of smell, this sense becomes 
very highly developed. The expert distin- 
guishes the various grades of teas, coffees, 
alcoholic beverages, and other products largely 
by the sense of smell. Some persons also are 
naturally endowed with a keener sense of smell 
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than others, and so are much more capable of 
telling the difference between odors. 

Does &e sense of smell have any relation to 
heal&? The sense of smell has important rela- 
tions to health. Most foods have an agreeable 
odor when they are fresh and suitable for eating. 
If they are decayed or imwholesome the agree- 
able odor is changed to a disagreeable one. 
Thus the •sense of smell tells us what is good 
for us to eat and what is bad. Though the odor 
of a fresh egg is not particularly agreeable, still 
it is not offensive. But if the egg is bad our 
sense of smell tells us immediately that it is 
imfit for food. In the same way harmful gases 
mingled with the atmosphere are revealed by 
their odor and we are thus placed on owr guard. 
Thus we see that the sense of smell aids us in 
many important ways in keeping our health. 

What is the relation of the sense of smell to the 
flavor of our foods and drinks? The term ''fla- 
vor** is often used incorrectly. Flavor is not 
taste alone, nor is it odor alone. The flavor 
of a food is its taste and smell combined. 
Sugar, for instance, tastes very sweet, but as 
it does not produce a sense of smell, sugar has 
no flavor. In order to have a flavor a substance 
must have the properties which excite, at the 
same time, both the nerve of taste and the nerve 
of smell. 



Tonsil Tonsil 



A STUDY OF THE SENSES 127 

THE SENSE OF TASTE 

What is the nerve of taste? Just as the 
thought of an odor brings the thought of the 
nose to our minds, so the idea of taste brings 
the thought of the tongue. The tongue has 
more than one fimction. It is especially useful 
in speaking. Without the tongue, the sounds 
made by means of the vocal cords would not be 
articulate; that is, they could not be formed into 
definite sounds and words. Another important 
function of the tongue is to assist in chewing and 
in carrying food 
into the back part 
of the mouth, 
where it is seized 
by the muscles of 
the throat and 
carried into the 
esophagus. All 
these functions of 
the tongue are im- 
portant and useful. 
In our present dis- 
cussion we shall re- 
gard the tongue 
particularly as the 
organ of taste. 

The tongue is covered with numerous small 
projections called papillae, which form a part 
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of the mucous membrane covering the tongue. 
The papillae, when magnified, appear to be 
projections of 
considerable size, 
^ around each of 
which is a de- 
pression or fur- 
row. The nerve 
of taste, called 
the gustatory 
nerve, divides 
into minute 
threads or fila- 
0. pap ... taai. » a ments that pass 

into the papillae and emerge in the depressions 
aroimd the papillae in what are called taste bitds. 
The nerve of taste does not appear to communi- 
cate directly with the brain, but reaches it in 
connection with other nerves, and especially 
with the one known as the fifth nerve. That 
certain portions of the brain have charge almost 
entirely of the sense of taste is evident from the 
fact that injuries to certain connections of the 
fifth nerve in the brain destroy or at least 
cause injury to the sense of taste. 

How many kinds of taste do we possess? The 
sensations produced in the nerve of smell have 
been classified broadly as agreeable and dis- 
igreeable. A more detailed classification can 
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be made of the various sensations of taste. 
The sense of sweetness is usually a highly 
developed sensation. There is also a distinct 
sensation of bitterness. But the sensation we 
call sour, or acid, is entirely different from these 
two. Probably a sour or acid taste is more 
nearly the opposite of a sweet taste than the 
taste we call bitter. Forming another distinct 
class of taste sensations are those caused by 
common salt and similar substances. This is 
called the saline or salt taste. As we have 
already learned, the sense of taste, together 
with the sense of smell, has the function of 
perceiving flavor. 

These separate sensations may be regarded 
as the principal kinds of taste sensations. But 
when mingled they produce numberless varia- 
tions and combinations in which all these kinds 
take part. 

What is the theory of transmission of the sense 
of taste? We find that the transmission to the 
brain of all our knowledge of the world around 
us depends on actual physical contact of sub- 
stances with the various nerves. This is also 
true of the transmission of taste. The sub- 
stances which produce the sensation of taste 
must come into direct contact with the nerve 
filaments distributed at or near the surface of 
the mucous membrane in the depressions around 
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the papillae. We cannot conceive of any other 
way in which the sensation of taste can be 
produced. 

It is probable that the nerves of taste in 
various parts of the tongue have different 
degrees of sensibility, and even perceive different 
kinds of taste according to their location. The 
expert taster can distinguish the difference 
between the taste of a substance when held 
near the tip of the tongue and the taste of the 
same substance when held farther back toward 
the throat. It is reasonable to suppose that 
the anterior (front) filaments are less delicate 
than the posterior (back) filaments, since they 
come into contact with the food when it is in a 
more or less solid state. It may be that the 
differences in the taste sense in different parts of 
the tongue are not because of any particular 
differences in the nerves, but because some 
taste nerves are less sensitive than others. It 
is generally believed that a bitter taste is most 
readily perceived near the back of the tongue. 
It is even claimed that at the tip of the tongue 
a bitter taste cannot be perceived at all. 

In what condition must a material be in order to 
produce the sensation of taste? Substances do 
not affect the sense of taste tmless they are 
wholly or partly in a state of solution. If the 
surface of the tongue is perfectly dry and the 
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substance placed on it is perfectly dry; no 
sensation of taste is produced. But if the sub- 
stance is either in solution or else so finely cut 
up that it has the properties of a liquid, the 
nerve of taste is immediately affected and the 
sensation is transmitted to the brain. 

The taste of a hard substance develops quite 
rapidly with chewing, and a much stronger 
sensation of taste is produced than when the 
food is in coarse fragments or partly dissolved. 
Thus we are able to judge by the sense of taste 
when our food has been chewed well enough 
and is ready to be swallowed. 

What is the effect of temperature on the sensation 
of taste? If the temperature of food substances 
is widely different from the normal temperature 
of the mouth, the sense of taste may be very 
seriously affected. If a substance is extremely 
cold it produces a sensation of cold, which 
itself tends to deaden the sense of taste. On 
the other hand, if a substance is very hot it 
produces such a painful sensation as to check 
all sensation of taste. Thus if we put an exceed- 
ingly cold substance or an exceedingly hot sub- 
stance into our mouths we lose the sensation 
of taste. It may be that the nerve of taste is 
active, but the sensation of taste is so obscured 
b— * '^nger sensation of heat or cold that 

to lose all trace of taste. 
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We would expect the activity of the nerve 
of taste to be at its best when the temperature 
of the substance is the same as the temperature 
of the mouth itself, or about ninety-eight and 
a half degrees. As a matter of fact, however, 
experience has shown that a somewhat lower 
temperature is better. We can best distinguish 
slight differences in taste at a temperature of 
from sixty-five to seventy-five degrees. 

Has the sense of taste any relation to good health? 
The sense of taste has a very important relation 
to health. It is the taste of a substance that to 
a great extent causes the secretion of the fliiids 
which digest the food. A good taste tends to 
increase the activity of the glands that secrete 
these fluids. A bad or objectionable taste will 
produce entirely the opposite effect. So it is 
evident that the sense of taste bears a very 
important relation to health. 

What is the effect of temperature on the whole- 
someness of foods? The temperature of the 
food we eat has also an influence on health. 
Those who have trained the sense of taste and 
the sense of smell to perceive very delicate 
flavors, are extremely particular in regard to 
the temperature of their food and drink. In 
tasting red wine an expert taster reqtiires the 
temperature of the wine to be about seventy- 
five degrees. On the other hand, most persons 
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who have no knowledge of the nature of the 
sense of taste desire their foods served at a very 
low temperature. This is true especially in the 
United States, where most families, even those 
in moderate circumstances, are able to keep ice 
during the stimmer. 

There is a perfect mania, particularly in 
stunmer, for ice-cold drinks — water, lemonade, 
buttermilk, and other beverages. We also have 
a great desire for ices and frozen dainties of all 
kinds and of all descriptions. But the laws of 
nature are very seriously abused when we take 
foods at so low a temperature. We are equally 
fond, especially in winter, of certain very hot 
drinks, thus going to the other extreme. In 
both cases the sense of taste is impaired by the 
extreme temperatures, which is more or less 
injurious to health. 

The lesson to be learned is that we should 
not eat foods above or below certain tempera- 
tures — cold foods not below fifty degrees, and 
warm foods not much above the temperature 
of the body. If we observe these precautions 
we can perhaps save ourselves from serious 
harm. 

We should avoid the copious use of ice-cold 
drinks during the hot days of summer. Water 
is perfectly palatable at a temperature of from 
fifty to sixty degrees, while ice water has 
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practically no taste whatever. Thus when we 
go to extremes in temperature in our daily 
diet we not only lose a great deal of the pleasure 
of eating, but we injure our health besides. 

THE SENSE OF HEARING 

What is the auditoiy nerve ? The auditory or 
hearing nerve is another path over which the 
knowledge of the outer world reaches the brain. 
The external ear,has little to do with the sense 
of hearing. It merely receives the sound waves 
and directs them inward. The real ear is inside 
the head in a very hard bone. It has two im- 
portant parts called the middle and inner ears. 
The passage lead- 
ing to the middle 
ear is closed a 
short distance in 
by a membrane 
which may be 
compared to the 
head of a drum. 
This membrane, 
stretched tight 

The drum and bones of the ear acrOSS the Opening, 

is called the tym- 
panum, a Latin ' 
word meaning "drum." Back of the tym- 
panum is the middle ear. 
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The middle ear is connected with the throat 
and mouth by a tube, called after the name of 
its discoverer, the Eustachian tube. This tube 
has a double purpose. By means of it the 
middle ear is kept moistened and full of air. 
The pressure of air on the inside of the dnim is 
thus kept the same as on the outside. Should 
the Eustachian tube become clogged, as some- 
times happens in case of colds or sore throat, 
the air would be shut off from the middle ear. 
Then the pressure of air on the outside of the 
drum would push it inward and the hearing 
would be affected. 

How is the sensation of sound produced ? When- 
ever a word is spoken the movement of lips and 
vocal cords sets the air into vibration in every 
direction, very much as the ring-like waves of 
water are set into vibration when a pebble is 
thrown into a pond. Some of these air waves 
strike against the drtim of the listener's ear, 
making it vibrate also. The vibrations of the 
drtim cause the bones of the middle ear to 
vibrate, and then the membranes and liquids of 
the inner ear. Finally, in the inner ear, end 
organs of the auditory nerve pick up the vibra- 
tions and send them on through nerve fibers to 
the brain. When the vibrations reach the brain 
the listener hears sotmd. The same thing hap- 
pens whenever any sotmd occurs. Something in 
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the air must set up a wave motion which travels 
in every direction. These waves strike every 
object within a certain radius and reach the ear 
drum of any person who happens to be within 
hearing distance. The air waves start a vibra- 
tion in this membrane corresponding in character 
and strength to their character and strength. 

In what particular way is sound transmitted from 
the ear drum to the brain? Immediately within 
the ear drum is a series of three small bones. 
The first touches the ear drum and rests on the 
second, and the second rests on the third. ^ The 
third bone coimects with what is called the 
inner ear where are located the nerves of hearing. 
It is through these three little bones that the 
sound is started on its journey to the brain. 
They are provided with muscle-like cords by 
means of which they can be tightened or 
loosened, in much the same way that a violin 
string is tightened or loosened by means of a 
peg. Thus the sensitiveness of the bones, that 
is, their power of transmitting sound, may be 
increased or diminished by the action of the 
muscles attached to them. 

These cords adapt the apparatus of the ear 
to the special soimd it is tr3ang to transmit. 
The auditory nerve terminates in. the inner 
ear in hair-like filaments or cells. These receive 
the vibrations transmitted by the small bones 



A STUDY OF THE SENSES 137 

in contact with the tympanum, or ear drum, 
and send them inward foward the brain. These 
ntimerous hair-like cells are arranged in qtiite 
regular rows and may be compared to the keys 
of an organ or a piano, though tlfere are more 
than two rows. In fact, there is a very large 
ntimber of these organ keys ; it is estimated that 
there are from twelve to twenty thousand. 
Thus it is evident that the complexity of the 
ear organ is far greater than that of the church 
organ. 

What is a phonograph? The word "phono- 
graph" means sound writing. If you attach 
a feather to a membrane stretched like the 
head of a drum, and allow the point of the 
feather to rest on a piece of smoked paper or 
glass while you speak a series of words, and at 
the same time move the smoked plate, the 
feather will write in waving lines. This proves 
that the words you spoke caused a series of 
vibrations in the membrane. If instead of the 
feather you use a delicate needle with a sharp 
point capable of writing on wax, you have the 
basis of the phonograph. . 

In the phonograph you speak into a tube 
leading to the membrane. That membrane 
has a pen attached to it which rests upon a 
moving wax cylinder or plate. The waves of 
sound transmitted to the membrane cause the 
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pen to write a waving line in the wax corre- 
sponding to the strength and character of the 
sotrnd of the words you speak. In much the 
same way the vibrations in the drum of the ear 
are recorded, not on smoked glass nor on wax 
but in the brain itself. 

What relation has the ear to health? The 
power to distingtiish soimd is one of the impor- 
tant means we have of knowing what is going 
on aroimd us. For this reason it is evident that 
the sense of sound is of great importance to our 
welfare. The sense of sound often warns us of 
physical danger, so that we are able to avoid 
accidents or injiuies which otherwise would 
befall us. 

The ear is subject to certain diseases more or 
less injurious to ovir general health. Back of 
the ear is a portion of the skull, called the 
mastoid bone, which is spongy in character. 
In certain disorders of the ear this bone some- 
times becomes affected, causing great pain and 
danger. The ear itself, with its various organs, 
is often subject to strain or inflammation. This 
causes earache, a troublesome disease. The 
tube leading from the ear to the throat, called 
the Eustachian tube, may also become infected 
as the result of colds or inflammations, and may 
even become clogged, a most dangerous ^ 
dition. 
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The sense of hearing gives us many of the 
pleasures of life. The conversation of friends, 
the notes of beautiful music, the song of the 
birds in the trees, the chirp of the cricket, the 
sound of running waters, all are pleasing and 
give us a feeling of happiness and contentment. 
In this way the sense of hearing helps to keep 
us in good health by making us happy. 

Are we able to locate the sources of sound? 
When we see an object we know exactly its 
location and can judge approximately its dis- 
tance and its size. When we hear a soimd we 
are not able to tell exactly where it came from. 
The source of a soimd can to a certain extent 
be located, but with nothing like the accuracy 
with which a visible object can be located. 
People differ greatly in their ability to sense 
the source of soimds. 

How fast does sotmd travel? In the air sound 
travels about 1,100 feet per second; in solid 
bodies it travels much faster. It was recorded 
that the cannonading at Fort Donelson on the 
14th of February, 1862, could be heard nearly 
200 miles away. Subsequent investigation 
showed that the soimd had traveled through a 
layer of limestone. Soimd may be carried much 
farther through solid bodies than through the 
^>. You see the flash of the lightning some 
fore you hear the thunder. 



140 WILEY'S HEALTH SERIES 

THE SENSE OF TOUCH 

What is meant by the sense of touch or feeling ? 

If we close our eyes and place otir hands on an 
object, a distinct sensation is experienced. The 
nerves that transmit this sensation to otir brains 
are the nerves of touch or feeling. The moment 
our hands come in contact with an object we 
can determine, without looking at it, whether 
it is hard or soft, rough or smooth, rotmd or 
angular, and whether it is hot or cold. Thus 
it is clear that the sense of touch or feeling is a 
very complicated sense into which enter a great 
many factors. 

^ Some of the things that can be determined 
by the sense of touch, can also be determined 
by the sense of sight. For instance, the shape 
of an object, and whether it is rough or smooth, 
can easily be determined by looking at it as well 
as by feeling it. On the other hand, there are 
certain characteristics of an object revealed by 
the sense of sight which the touch cannot reveal 
— for instance, the color. 

Of all the senses, that of touch may be 
regarded as the most imiversal; that is, it gives 
us more information and of a more varied char- 
acter thata we can gain from any other set of 
nerves. But it cannot be regarded as the most 
desirable or pleasurable, though without doubt 
it is the most useful. We may lose the sense of 
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sight, of hearing, of taste, of smell, and still 
exist tolerably well, but should we lose also 
the sense of touch we should be utterly help- 
less. The case of Helen Keller is a remarkable 
instance of the possibility of obtaining a fine 
education through the sense of touch alone. 
Through illness she lost the senses of sight and 
hearing at a very eariy age, yet she has become 
a cultured and highly educated woman. 

How is the sense of touch or feeling exerted? 
The nerves which carry the sensation of touch 
are located mostly in the skin. The skin has 
already been described as a very useful and 
necessary covering of the body. It can now 
also be described as the chief organ of touch. 
The skin is by no means the only part of the 
body that has nerves of touch. Such nerves 
are found also in the tongue and in the muscles 
and to a certain extent in the internal organs 
of the body, though in the latter they are greatly 
modified. 

The best authorities declare that the various 
fimctions of the sense of touch are not carried 
on by the same nerve filaments. In other words, 
the sensation by means of which we get the 
outlines of a body and determine whether it is 
rough or smooth is carried by one kind of nerve 
filament, while the sensations of cold, of heat, 
and of pain are each carried by other kinds of 
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nerve filaments. These filaments are probably 
continuous — that is, they pass in btmdles from 
the brain through the spinal cord and radiate 
from the spinal cord to all parts of the body, 
where the bimdles break up into the separate 
filaments. 

The skin itself is not perfectly smooth, as 
one might suppose, but is covered with numer- 
ous small projections or papillae, particularly 
on the scalp and often on the arms and other 
parts of the body. These papillae carry hairs 
which may be regarded as the advance guards 
of the nerves of touch. Anything coming in 
contact with one of these fine hairs is likely to 
stimulate the sense of touch. 

The principal purpose of hair is protection, 
but it also has the secondary property of 
exciting, or tending to excite, the nerves of 
touch. 

The nerves of touch vary in abtmdance in 
different parts of the body. They are very 
ntimerovis in the hands, the feet, and at the tip 
of the tongue. They are more sparsely dis- 
tributed over the skin of the arms, the neck, 
the back, and other portions of the body. 
There are more of these sensory ppints in the 
fingers and the tongue than in any -other part 
of the body. 

The remarkable skill that can be developed 
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in the fingers results from the training or edu- 
cation of the nerve of touch. For instance, in 
such trades and professions as piano playing, 
billiard playing, watch making, or surgery, the 
sense of touch must be highly developed. 

Are the 'internal organs supplied with nerves of 
touch or feeling? The nerves of feeling in the 
internal organs are few in comparison with the 
number in the skin. We do not have any 
pleastirable sensations in the internal organs. 
The nerves t)f feeling there mostly transmit 
feelings of pain. If there is anything wrong in 
the internal organs, the nerves send messages 
of pain to the nerve centers. 

The brain is almost without nerves of sen- 
sation. Headaches are usually due to pain in 
the membranes of the brain. In the same way 
when the appendix becomes inflamed we have 
severe pain, but the pain is due largely to the 
membranes which stirround the appendix. 

In general we may say that the nerves of 
feeling are distributed through all parts of the 
body, but are especially abundant in the skin 
and the mucous membranes. 

What nerves convey the sensation of pain? 

any nerve will convey a sensation of 

lU extreme sensation of any kind be- 

*iful. For instance, a very strong 

se tVip olfactory nerve to convey 
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SL painful sensation. A very strong light causes 
a sensation of pain in the eyes. But the feeling 
of pain, as generally understood, is conveyed 
by filaments of the nerve of touch or feeling. 
These filaments are perhaps the most numerous 
and abimdant of all nerve filaments. • It is, as 
we have said, difficult to prick the skin without 
touching a nerve conveying a sensation of pain. 
Just what form of vibration, or by what method 
of movement, the sensation of pain is com- 
mimicated to the brain, no one knows. 

Painful sensations are of two general kinds. 
Pressure or puncture of the skin produces one 
of the most common forms of pain. The sensa- 
tion of cold is another kind of painful sensation. 
But the nerves that carry the sensation of cold 
are not so numerous as those that carry the 
sensation of other forms of pain. 

What nerves convey pleasurable sensations? 
Agreeable odors and tastes are types of pleasur- 
able sensations carried by the special nerves of 
the nose and the tongue. Agreeable music 
produces a pleasurable sensation carried by the 
nerves of the ear. Landscapes and pictures 
and forests and streams produce pleasurable 
sensations carried by the nerves of the eye. 
The nerves of touch in the skin also convey 
pleasurable sensations, due largely to a proper 
degree of warmth or gentleness of pressure on 
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the iskin. It is very difficult to describe these 
sensations, but we need appeal only to our own 
experience for a further knowledge of them. 

What relation has the sense of touch to our 
health and welfare? The sense of touch guards 
our health and comfort in many ways. The 
sensation of cold warns us against temperattu-es 
that would injure the tissues of the body and 
perhaps cause death. The sensation of heat 
likewise warns us from coming in contact with 
things hot enough to cause injury. The nerves 
of touch tell us the proper temperattu-e in which 
it is comfortable to live. In the winter we 
seek a temperature warm enough to prevent 
discomfort from cold and yet not hot enough 
to threaten health. 

The sense of touch warns us to avoid those 
things which experience teaches are nearly 
always harmful. It also leads us to seek those 
things that add to our comfort and welfare. 
Thus from every point of view the sense of 
touch is highly important in regard to otu" physi- 
cal well-being. 

Are we always able correctly to locate sensations 
of pain ? Though we generally know where we 
have a feeling of pain, sometimes we caimot 
locate it correctly. The pain of a toothache 
sometimes seems to be not in the tooth really 
affected but in some other tooth. A pain in 
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the eye or in the back of the head may not 
really be localized there, as we suppose. The 
sensations of pain are reported to the brain, 
but are not always referred by it to the exact 
place where the trouble lies. 

It is well known that years after persons have 
lost an arm they experience pains that are re- 
ferred by the brain to the missing member. 
So a feeling of pain in a certain part of the body 
cannot always be regarded as a Certain indica- 
tion that the trouble will be found there. 

But as a rule we have little doubt as to where 
the trouble really is. In the case of pain in the 
internal organs we are more likely to be misled 
than in the case of pain in any exterior parts 
where the skin is the organ of sensation. 

How can the delicacy of touch and feeling be 
increased? The sensitiveness of the nerves of 
touch and feeling may be increased by constant 
and judicious use. Education in the ordinary 
sense of the word is the training we get from 
books and teachers in school; in other words, 
it is a cultivation of the brain. To increase the 
delicacy and sensitiveness of the nerves of touch 
by constant and judicious use may be regarded 
as part of the education of the spinal cord. 

The skill which can be acquired by 
the nerve of touch is extraordina 
listen to a master at the piano aj 
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what he does with the slow and clumsy efforts of 
the beginner, we have a good illustration of the 
cultivation of the sense of touch. The skilled 
typist operates 
her machine 
swiftly and ac- 
ciirately without 
looking at the 
keyboard. This 
is true also of 
the skilled pi- 
anist. The bil- 
liard expert can 
make shots 
which to the un- 
skilled player 
appear super- 
natural. The 
skilled surgeon can thrust his knife among the 
vital parts of the body, cutting out the offending 
organ, and saving life in a way that seems 
due to almost more than human achievement. 
Such manual skill, due largely to the delicacy 
of the sense of touch, is called technique. 

There is no form of labor that cannot be 
more efficiently performed after cultivating the 
of touch. From this we learn the great 
ice in oiu- schools of courses in manual 
oking, and sewing. 
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Can one sense take the place of anotiier? Na- 
ture has so endowed us that if one sense is 
impaired or destroyed, the deficiency is made up 
to a certain degree through some other sense. 
^The person who is bhnd may practically see 
with his fingers and ears. He can judge the 
form, contour, and surface of a body by means 
of the nerves of touch. He can leam to walk 
in comparative safety, finding his way by means 
of the sense of hearing. You have no doubt 
seen a blind man walking in the street con- 
stantly striking a stick on the pavement in front 
of him. The reflected sound of the tapping 
tells him how near he is to the wall beside 
which he is walking. The pilot of a river boat 
may guide his 




A blind man waiking 



The blind man may leam to read by means 
' his fingers. Passing his fingers ovr 
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letters, he recognizes each letter by the sense 
of touch. By watching the Ups of the person 
talking to him, the deaf man is able to tmder- 
stand speech through his eyes. He can tell 
from the movements of a person's lips just what 
letter or word is being spoken. Thus we see 
that in the person who has lost one sense the 
delicacy and intensity of the remaining senses is 
increased. A blind man may become highly 
educated in any branch of science or letters. In 
fact, a person may lose all his senses except one 
or two and still be able to get some idea of his 
environment. 

According to their comparative importance 
in giving us information about our environment, 
the senses may be arranged in the following 
order: sight, hearing, touch, taste, and smell. 
This seems to be the best arrangement, though 
there may be some difference of opinion, espe- 
cially as to which is the more important, hearing 
or touch. 

THE SENSE OF HUNGER 

What is the sense of hunger? We feel the 
sense of hunger chiefly in the stomach. But 
we cannot definitely locate this sensation as 
we can that of a hwm or the prick of a needle. 
When we are hungry the general idea seems 
"k be that the sensation is in the stomach. In 
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this connection we must distingtiish between 
starvation and hunger. Starvation is a condi- 
tion of the body in which the tissues lack 
nutrition; hunger is a sensation. 

In starvation the victim at first feels a very- 
keen sense of hunger. After a while/ as the 
starvation progresses the himger diminishes, 
for the reason that the body has begtm to bum 
itself or consimie its own tissues. Weight and 
strength decrease, and finally the sense of hunger 
gives way almost entirely to the feeling of weak- 
ness and approaching death. 

What relation has the sense of hunger to the 
proper control of our diet ? The feeling of htmger 
does not stop immediately when we put food 
into our stomachs. If we eat rapidly the 
stomach may become quite full and still the 
sensation of himger remain. For this reason 
we should eat slowly and stop eating before the 
sensation of hunger entirely disappears. 

Every one of you must have noticed that if 
you eat a generous meal hurriedly you still feel 
himgry. But within half an hotu" after you leave 
the table, although you have eaten nothing more, 
the sense of hunger disappears. From this we 
learn, what it is wise to remember, that himger 
disappears gradually. We will thus avoid filling 
our stomachs too full with an overabundance of 
focxi in a useless effort to satisfy hunger quickly. 
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THE SENSE OF THIRST 

What is the sense of thirst? Just as the stomach 
is associated with the feeHng of hunger, so the 
pharynXj or throat, is associated with the sense 
of thirst. When we are thirsty it does not 
necessarily follow that the system has been 
deprived of water until health is threatened. 
Just as the sense of hunger is felt though there 
is no actual lack of nutrition of the tissues, so 
a feeling of thirst comes though there is no 
dangerous lack of water in the system. If the 
weather is warm and we exercise vigorously, 
more moisture than usual is lost from the body, 
especially by perspiration. Then in some way 
the need of the system for additional moisture 
is localized in the nerves of the throat and 
mouth. The back of the mouth becomes dry 
and the lips parched. 

Thirst is more quickly satisfied than himger. 
Drinking satisfies the sense of thirst within a 
few moments, long before the water can enter 
the circulation. This also proves that the sense 
of thirst is not due solely to a decreased water 
supply in the tissues of the body. 

QUESTIONS TO HELP THE PUPIL 

I. What is the disease known as cataract? 2. What 
may be done to relieve this? 3. What is nearsight- 
edness and what causes it? 4. What is the trouble 
in far-sighted eyes? 5. What is the distance at which 
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normal eyes can read print? 6. How may near-sighted 
and far-sighted eyes be corrected? 7. What is astig- 
matism and what is the remedy? 8. What are crossed 
eyes? 9. How may they be corrected? 10. What 
trouble is frequently caused by defects in the eyes? 11. 
From which direction should the Ught come when a per- 
son is reading? 12. What is eye strain and why should 
we be careful to avoid it? 13. Tell how light and good 
health are related; light and germs and bacteria. 14. 
Should a convalescent person remain in the light as much 
as possible? 15. Why is sunlight good for the hair? 

16. Does the sense of smell vary in keenness in animals? 

17. What animal has a highly developed sense of smell? 

18. How do colds affect the sense of smell? why? 

19. Can this sense be developed? 20. How is this sense 
related to good health? 21. What does a bad odor tell 
us about a food? 22. What is a flavor? 23. Has sugar 
a flavor? 24. What is an articulate soimd? 25. What 
are the fundamental kinds of taste? 26. Can we per- 
ceive more than one kind at a time? 27. Tell about the 
difference in the nerves of taste in different parts of the 
tongue. 28. In what condition must a substance be 
before it can affect these nerves? 29. What is the effect 
of extremely hot or cold substances on the nerves of taste? 
30. What temperature is suited to the best activity of 
these nerves? 31. What relation has this sense to good 
health? 32. Should we take food and drinks at either 
a very low or a very high temperature? 33. How does 
sound travel in the air? What do the waves of air pro- 
duce on the ear drum? 34. To what mechanical device 
can we compare the ear? 35. How does the ear guard 
owe health and safety? 36. Is the ear subject to disease? 

37. What pleasures does the sense of hearing give us? 

38. Can you always judge where a sound comes from? 

39. How fast does sound travel? 40. How can you tell 
what an object is without looking at it? 41. What vari- 
ous things does the sense of touch tell you about an object ? 
What characteristics can we not discover? 42. Can the 
nerves of touch be trained? 43. What trades and pro- 
fessions demand that this sense be very highly trained? 
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44. Can one sense be trained to take the place of another? 
Give an instance of this. 45. Can hunger be satisfied by 
eating hurriedly? 46. Can thirst be quickly satisfied? 
47. What is the function of the eye? 48. What is the 
purpose of the lens? the retina? 49. What nerve carries 
the light sensations to the brain? 50. What commonly 
used mechanical device or machine is much like the eye? 

51. Is all of the white outer coat of the eye opaque? 

52. What is the transparent portion called? 53. To what 
may its structure be compared ? 54. Over what part of the 
eye are the nerves of vision distributed ? 55. Describe the 
iris. 56. When is the pupil of the eye small? When 
large? 57. In what part of the structure of the eye is 
the color? Is the iris ever black? 58. What color do 
you see in the pupil? 59. What and where is the aqueous 
fluid ? the vitreous fluid ? 60. How is blindness sometimes 
caused? 61. How are the movements of the eyes con- 
trolled? 62. Describe the olfactory nerves. 63. How do 
substances affect the sense of smell? 64. What two gen- 
eral kinds of olfactory sensations may there be? 65. 
What are the uses of the tongue? 66. Where are the 
nerves of taste located? 67. What are papillae? 68. 
What name is applied to the nerve of taste? 69. How is 
it connected with the brain? 70. What is the auditory 
nerve? 71. What and where is the tympanum or ear 
drum? 72. Describe the external ear; the internal ear. 
73. What is the Eustachian tube? 74. What happens 
when a sound strikes the ear drum? 75. By what means 
are the vibrations in the ear dnmi transmitted to the 
nerves? 76. How is the sensitiveness of these small 
bones increased or diminished? 77. How are the. audi- 
tory nerve filaments arranged? 78. Where are the nerves 
of touch located? 79. Are the sensations of cold, of heat, 
and of pain transmitted by the same nerve filaments? 
80. Where are nerves of touch most abimdant? 81. 
Name the two kinds of painful sensations. 82.. Do sensa- 
tions of pain always tell correctly where the trouble is? 

83. Where does the sense of hunger seem to be located? 

84. What is the difference between starvation and hunger? 

85. What organ seems to tell us of thirst? 

III-6 



VIII. A Study of- Sleep 

What is sleep ? Sleep is a temporary suspen- 
sion of the functions of the senses that give us 
our knowledge of the world about us. The 
great purpose of sleep is that the brain, the 
spinal cord, the nerves, and the muscles may 
rest. Though it is possible to rest without 
sleeping and thus partially restore the tired 
brain, nerves, and muscles, the full restoration 
of all the organs of the body to a condition 
suitable for ftuther exertion is best secured 
in sleep. 

How long should we sleep? The answer to 
this question depends upon several conditions. 
In early life a htmian being iieeds more sleep 
than he does in later life. The new-bom infant 
sleeps nearly all the time. The baby of one 
year will sleep from twelve to fifteen hours a 
day. A child from one and a half to three years 
of age will sleep about twelve hours a day. 
From three to six years of age a child should 
sleep from nine to twelve hours a day; from 
the age of six to ten, from nine to eleven hours 
a day ; and from ten to eighteen, from eight to 
nine hours a day. 

The amotint of sleep each person requires 

ries necessarily according to his occupation 

15^ 
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and his physical condition. Some persons re- 
quire, or at least indiilge in, a longer period of 
sleep than others. A man or woman engaged 
in active work requires a minimum of seven 
hours' sleep, while eight hours would be better. 
The length of time a person sleeps is not the 
only thing to be kept in view; how he sleeps 
is also important. The more peacefully a per- 
son sleeps, the fewer the number of hours 
required. On the other hand, if sleep is troubled 
with frequent wakings, twitchings, and move- 
ments of the arms and legs, it is less refreshing, 
and more hours are required. 

The man who engages in hard physical labor 
needs more sleep than the one engaged at desk 
work. Brain workers probably need less sleep 
than muscle workers, but they too need peace- 
ful and refreshing 'sleep in order that the brain 
may rest and gather energy for further activities. 

What happens when a person does not get 
enough sleep ? If a person gets too little sleep, 
various disorders may result. These are mani- 
fested chiefly through increased sensibility and 
irritability, a diminished power of endurance, 
and decreased strength and vitality. These 
changes, with continued loss of sleep, may even 
make it difficult to sleep at all. 

What is insomnia ? Insomnia^ or sleeplessness, 
is the inability to go to sleep when there is 
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Opportunity to do so. Insomnia is one of the 
most distressing disorders. It is not so trying 
during the day, when the light is bright and we 
are mingling with companions ; but it is terribly 
depressing to lie alone in the dark and not be 
able to go to sleep. 

The wear and tear on the nervous system is 
extremely great in such circumstances, and 
when morning comes the sleepless one rises with 
his brain dazed, a general indisposition to engage 
in work or activity of any kind, and usually 
with little or no appetite. 

If sleeplessness becomes chronic, that is, if 
it is continued for a long time, it may develop 
disorders of the brain and bring about neuras- 
thenia, or nerve troubles. Insomnia may also 
diminish the power of the body to resist infec- 
tious or contagious disease. It tends to promote 
an early beginning of the diseases of old age, 
such as hardening of the arteries and diseases 
of the heart and of the kidneys. 

Do people ever sleep too much ? There are 
many persons who indulge in a greater amount 
of sleep than they actually require. Too much 
sleep, while not so harmful as too little sleep, 
is nevertheless injurious. A person who sleeps 
too much becomes dull and sluggish both phys- 
ically and mentally, and may so weaken the 
power of his body to resist disease as to fall an 
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easy victim. Usually since such a person lacks 
energy and does not take much exercise, he is 
also likely to become too fat. 

Sleep, like food, is necessary to existence. 
But too much sleep or too little sleep is harmful. 
As in all other things, temperance in sleep is 
highly advisable. 

When is a person inclined to sleep too much, 
likely to have the greatest inclination to sleep? 
After eating a hearty meal a person inclined to 
sleep too much usually has a tired and sleepy 
feeling. A heavy meal excites the digestive 
activities and thus diverts a considerable quan- 
tity of blood from the brain and other parts of 
the body to the digestive organs. In sleep there 
is less blood in the brain than during waking 
hours. Thus a heavy meal, especially if the 
room is warm, brings about the same conditions 
in the brain as during sleep, and induces a desire 
for sleep. After a hearty meal,- especially in 
stimmer, almost any one feels an inclination to 
sleep. In a church or a theater in the evening 
we often find many in the audience nodding. 
If we ask the reason we usually find that these 
persons have just eaten a heavy meal. 

Should we exercise immediately after eating? 
Whenever it is possible, the hour immediately 
following the meal should be devoted to rest, 
even if that rest induces sleep. In fact, those 



158 WILEY'S HEALTH SERIES 

who have the leisure to do so would benefit 
by giving way to the desire to sleep after a 
meal. To take a nap after his noonday meal 
is good for the child's health. The health of 
grown people would also be improved if they 
coiild sleep for fifteen or thirty minutes after 
the noonday meal. Unfortimately, most people 
have no chance to indulge this desire to sleep. 

Sleep is profoundly influenced by habit. If 
we are in the habit of going to sleep at a certain 
hour we are very apt to become weary and have 
all the symptoms of sleepiness when that hour 
comes. If we postpone our sleep beyond the 
regular hour we do not as a rule become more 
sleepy; for a time the feeling of sleepiness di- 
minishes. If a person who is in the habit of 
going to sleep at ten o'clock in the evening is 
kept up until twelve or one o'clock, he then 
usually has great difficulty in falling asleep. 

Usually physical fatigue is supposed to induce 
sleep. But we may be so tired that we cannot 
sleep. Most people are in the habit of sleeping 
at night, when it is dark, and thus are not able 
to sleep in daylight or if there is a brilliant light 
in the bedroom. 

Sitting at the bedside of children and telling 
stories or singing lullabies is wholly out of place. 
The child soon learns that he goes to bed to 
sleep and not to be entertained. 
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What changes take place in the circulation during 
sleep ? When ,a person is asleep the heartbeats 
are slower an'd there is a slight decrease in the 
natural heat of the body. But the temperature 
of the brain is apparently not decreased to any 
extent. Some physiologists believe that there 
is more blood in the brain during sleep than 
during waking hotirs. Most physiologists, how- 
ever, speak of the condition of the brain during 
sleep as anemic, that is, having less blood in it. 

Some experimenters think that there is an 
acctimulation of carbon dioxide in the blood, 
and that this is either the cause or the result 
of sleep. It is well known that the amoimt of 
carbon dioxide excreted from the limgs is less 
during sleep than during the waking hours. 

What effect has sleep on the functions of the 
body? The digestive and absorbing powers of 
the digestive organs are probably increased 
during sleep. The process of breathing becomes 
slower, and often deeper. Sometimes, when the 
nasal passages are obstructed in any way and 
the mouth is open, snoring results. If you keep 
your mouth shut you will not snore. 

How long can a person live without sleep? How 
long a person can live without sleep can be 
determined only by experimental methods that 
are very cruel. For that reason little is known 
about it. The only way animals or human 
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beings can be kept from sleep is to torttire them 
so that the pain produced is stronger than the 
desire for sleep. Then, if this torttire is kept 
up imtil death occurs, who can say whether 
death was caused by lack of sleep or by an 
excess of pain? 

A person in good health may lose one night's 
sleep without apparent injtuy, but he cannot 
lose a second night's sleep without some loss 
of efficiency. Prolonged sleep is much less 
injurious than prolonged wakefulness, though 
prolonged sleep is the sign of some grave dis- 
order or change in the activity of the ftmc- 
tions of the body, usually of a cerebral (brain) 
character. When an animal cannot be aroused 
by the usual methods, it has passed into what is 
called a state of coma, which usually ends in death. 

Are there other kinds of sleep besides natural 
sleep? Sleep may be induced by various arti- 
ficial means. Artificial sleep is most com- 
monly induced by means of alcoholic drinks or 
a drug. The drugs which induce sleep are 
called narcotics. Opitim and cocaine are types 
of narcotic substances. 

Is there any danger in using such drugs ? There 
is great danger in using drugs of this kind. 
They can be given safely only by a physician 
who has personal care of the patient. The 
use of many of these narcotics, especially opitun 
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and its derivatives — morphine, heroin, and 
codeine — and cocaine, tends to produce a habit 
which, when once formed, is very difficult to 
break, and gradually destroys both physical 
and mental health. 

Opium and its derivatives deaden pain, and 
their use is excusable when there is no chance 
for the patient to get well. But so long as 
there is a chance for the patient to recover it 
is far better never to administer any of these 
temporary reliefs than to cause him to form a 
habit which, after he recovers from sickness, is 
certain to destroy him. 

Cocaine, which is derived from the dried 
leaves of a South American shrub called coca, 
is not a sleep-producing drug. But it has the 
remarkable ability of relieving pain and of 
causing a condition of emotional excitement. 
It is even more of a habit-forming and destruc- 
tive drug than morphine, and its victims are 
utterly miserable when deprived of it. There 
is no more dreadful form of slavery than to be 
a morphine or cocaine user. 

Are there any laws to restrict the sale of such 
drugs? Opium and coca leaves and the sub- 
stances derived from them cannot be sold in 
this cotmtry except under strict regulations. 
Most of the states have strict laws regulat- 
ing the sale of these dangerous habit-forming 
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drugs, and in many cities there are municipal 
laws to the same effect. Children, especially, 
should be protected from the evils which always 
attend the use of such drugs. 

Is artificial sleep, induced by means of drugs,, 
beneficial? As far as rest or restored energy 
is concerned, the sleep induced by the use of 
a narcotic gives very little of the benefit that 
comes from natural rest or real sltimber. The 
drug relieves pain, but the possible harmful 
after-effect v/hen the patient recovers is far 
greater than the good it does in relieving pain. 
But the use of narcotics is merciful in the 
treatment of cases that are hopeless and in 
easing the pain of the last hours of life. 

What other kinds of sleep are there? Hypno- 
tism is a form of sleep in which the sleeper is 
subject to the will of another. No one can 
explain the mystery of hypnotic sleep. The 
person who is imder the influence of hypnotism 
knows nothing of his sinroimdings except as 
determined by the person who has placed him' 
under that influence. The hypnotist com- 
mands, and the hypnotic obeys involimtarily. 
The hypnotic answers questions sensibly, per- 
forms acts of all kinds, and in general does any 
work he is told to do in a satisfactory manner. 
When he is called out of the hypnotic trance by 
the will of the hypnotist he has no memory of 
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what has taken place. In a way it may be said 
that he has been asleep, though hypnotic slum- 
ber is as different from real sleep as the sleep 
induced by the use of opium. The effect of 




such sleep has been said to weaken the mental 
power of the person hjrpnotized. 

What is meant by sleep walkii^? The person 
who walks in his sleep, often acting exactly as 
if awake, is called a somnambulist, a word de- 
rived from two Latin words, somnus, meaning 
"sleep," and ambidare, meaning "to walk 
about." The somnambulist gets out of bed. 
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goes about the house, sometimes performs won- 
derful feats of athletic skill, and does many 
things better than he could have done if awake. 
When awakened the sleep walker has no recol- 
lection of anything that has happened. People 
who walk in their sleep often suffer serious 
injury by falling or running into things. 

Nearly everybody now and then makes some 
movement in his sleep, crying out or talking, 
or sitting up, or gesticulating. These actions 
are usually remembered on waking as having 
taken place in dreams. But the somnambulist 
remembers nothing that occurred in his walk. 
Certain individuals are more subject to sleep 
walking than others. No positive remedy has 
been discovered for this tmfortimate trouble. 
As a general thing simple food, outdoor exercise, 
light clothing, and regular habits will diminish 
the tendency to sleep walking and sometimes 
prevent it altogether. 

What is meant by being in a trance? Persons 
who are in a trance are asleep in the sense that 
they have lost consciousness of the external 
world. But their brain often remains active. 
People in a trance write letters, answer ques- 
tions, and do many things that they would 
perhaps not be able to do if they were in a 
normal condition. 

There is another form of sleep in which the 
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body is more or less rigid, sometimes remaining 
in this condition for many hotirs or even days. 
This form of sleep is called catalepsy. This 
condition is, of course, abnormal, and seems to 
have no relation whatever to natural sleep. In 
other words, it is a disease. 

Is sleep very important? When we consider 
that in a normal life of seventy years we pass 
nearly twenty-three years in sleep, it is evident 
that sleep is very important in its relations to 
otir welfare. We are just as much alive while 
asleep as we are while awake, but it is a different 
kind of life. Sleep is a kind of passive life, 
growth, restoration of tissues, rebuilding of the 
broken parts of the system, rest and refreshment. 
From a physical point of view, sleep is quite 
as important as food and much more so than 
clothing. The fact that we spend almost one, 
third of our Uves asleep should impress us with 
the importance of sleep. Sleep is essential to 
the health of the body. The hours of sleep 
should therefore be ordered as carefully as the 
hotirs of work or of play. 

QUESTIONS TO HELP THE PUPIL 

I. Have we any knowledge of the world about us while 
we sleep? why not? 2. Could we live without sleep? 
3. What is the purpose of sleep? 4. How much sleep is 
required by young D^rnnU ^•■''^m. six to eighteen years of 
age? 5. Do b*wi less sleep than muscle 

workers? 6- ' ^et too little sleep? 
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7. What is insomnia? 8. Into what may chronic insomnia 
develop? 9. What does sleeplessness tend to hasten? 
10. What is the effect of too much sleep? 11. Why does 
a heavy meal cause tiredness and sleepiness? 12. Is it 
beneficial to take a nap immediately after the noonday 
meal? 13. Is sleep much influenced by habit? 14. 
What is coma? 15. May sleep be caused by artificial 
means? 16. Name some narcotics. 17. Why is the use 
of narcotics very dangerous ? 1 8 . Is the trade in narcotics 
restricted by law? 19. Is sleep induced by means of 
narcotics beneficial? 20. What is hypnotic sleep? 21. 
What is sleep walking? 22. What may help to prevent 
it? 23. What is a sleep walker called? 24. Name some 
other abnormal forms of sleep. 25. Is sleep essential to 
the health of the body? why? 26. Is it important to 
have regular hours for sleep? 27. About how much of 
our lives do we spend in sleep? 



IX. A Study of the Bones and Muscles 

What are the ftmctions of the bones? The brain 
and the spinal cord, two of the most vital organs 
of the body, are inclosed in a strong framework 
of bones to protect them from injury (pages 93- 
97). The ribs, as we have also learned, act as 
a shield for the heart and other internal organs. 
But the protection of the vital organs is not the 
only f imction of the bones. They furnish support 
for the soft flesh of the body and give proportion 
to its parts. By their particular form and size, 
the bones give us the general shape that makes 
us recognizable as htunan beings as distin- 
guished from the lower animals. All the bones 
of the body, joined together like a framework, 
are known as the skeleton. 

How many bones in the skeleton ? The skeleton 
is made up of two himdred and four bones, not 
including the teeth, the patella (knee cap), and 
the other sesamoid (occurring in tendons) and 
supernumerary bones that sometimes grow be- 
tween the bones of the skull. The bones have 
an abundant supply of blood vessels and lym- 
phatics and are covered with a membrane well 
supplied with nerves. This membrane is called 
the periosteum (around the bone). The large, 

167 
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long bones are provided with a tube which is 
filled with a cheesy substance called the marrow. 
Of what are the bones composed? We have 
learned (page 40) that for the development of 
the bones and teeth the child needs mineral ele- 
ments in its food, particularly lime and phos- 
phoric acid. These are the substances which 
build bones and give them 
hardness. But the bones do 
not consist of mineral sub- 
stances alone. They also con- 
tain nitrogen in the form of 
protein, and gelatine-yielding 
bodies. This material gives 
them toughness and a certain 
pliabiUty; that is to say, they 
can bend a little without 
breaking. The bones of little 
children are largely built up 
of nitrogenous (cartilaginous) 
materials. As they grow older, 
more mineral substance is added 
and the bones become harder 
and less pliable. In old age, 
the bones contain still more 
mineral matter and they are 
hard and brittle. That is why 
it is dangerous for older persons to fall. Their 
bones are no longer pliable and so break easily. 
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On the other hand, the pliability of the bones 
in childhood constitutes a certain danger. Since 
the bones are soft, they may 
be molded, to a certain extent, 
as we wish. By holding our 
bodies in proper positions while 
sitting, standing, or walking, 
our bones will grow as Nature 
intended they should. The 
round shoulders, the narrow 
chests, and the slouching gait 
that we so commonly see are 
the results of bad habits f onned 
in childhood while the bones 
were soft. When the child is 
very small, of coiu-se, the par- 
ents must be depended upon 
to see that the bones do not 
become misshapen. Careful 
parents will not allow the child 
who is learning to walk to stand too long upon 
his feet. This is often the imderlying cause of 
the defect called bowlegs or bandy-legs. Some- 
times, also, the spine of the young child becomes 
curved because he is carried too often upon the 
same arm of parent or nurse. Thus we see the 
importance of knowing that the bones, if bent 
in a certain direction in childhood, will grow 
and harden that way permanently. Children, 




Standing erect makes 

the bones ffow 
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as well as parents, must recognize the danger 
in time, if deformity is to be avoided. 

What are the principal bones of the skeleton? 
We have already learned how important are 
the skuU and the spinal column, 
also how they are constructed 
(pages 93-98). We have read of 
the twelve pairs of ribs which 
guard the lungs and other impor- 
tant organs. The ten upper pairs 
of ribs are attached to the sternum, 
or breastbone, in front, and to 
the backbone in the back. The 
two lower pairs are attached to 
the backbone only, leaving the 
front ends free. These two pairs 
are called floating ribs. 
To the upper end of the sternum above the 
ribs are attached two thin, curved bones which 
hold up the shoulders. They are called the 
clavicles (collar bones). The outer end of the 
clavicle is joined to the scapula (shoulder blade). 
The shoulder blades are large, flat, triangular 
bones forming the upper framework of the back, 
lying one on each side of the backbone, to which 
ttiey are fastened. At the outer end of each 
scapula is a socket into which fits the. 
upper arm bone. 

The bones of the arm consist c 
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extending from shoulder to elbow, and two bones 
from elbow to wrist. The single bone of the 
upper arm is called the humerus, and the lower 
pair of bones the radius and the ulna. 

The bones of the leg are much like the bones 
of the arm, only much'larger and stronger. The 
single upper bone is called the femur. The lower 
pair of bones reaching from the knee to the 
ankle are called the tibia and the fibula. 

The ankle and the wrist are each composed 
of a group of small bones. Those of the wrist 
are the carpal bones, eight in mmiber, and those 
of the ankle the tarsal bones, seven in mmiber. 
To the small bones of the wrist and the ankle 
are attached five bones, metacarpal and meta- 
tarsal respectively. To these last are attached 
the phalanges forming the short bones of the 
fingers and toes. 

The large upper bones of the leg are joined 

to the hip bones {pelvis). The hip bones are, 

in turn, joined to the backbone. They are 

broad and flat and together form a support for 

the intestines and other organs of the abdomen. 

The outer edges of the hip bones may be easily 

felt on either side. All together these bones 

fcjform the pelvic cavity, just as the ribs and back- 

^■Bde form the thoracic cavity. These two large 

cavities are separated from each other by 

^hragm (see Book J, page 23). 
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How are the bones held together ? Although the 
parts of the skeleton are firmly joined, we know 
that we can move many of them freely. This 
is because there are many joints which* permit 
the movements of the body. There are two 
principal kinds of joints in the skeleton. There 
is the ball and socket joint, which consists of a 
hollow in the end of one bone and a half sphere 
on the end of the other bone, just the size to 
fit perfectly into this hollow. The ball and 
socket joint permits great freedom of move- 
ment. You can swing your arm in any direc- 
tion you wish. That is because there is a ball 
and socket joint at the shoulder. 

Try to move your forearm from the elbow 
as you do your upper arm from the shoulder. 
You find that you can move it in only one direc- 
tion. The reason is that the elbow forms what 
is called a hinge joint, which is much like the 
hinge on a door. There are other kinds of 
joints, each with characteristics to fit it for the 
particular kind of work it must perform. 

How are the joints prevented from falling apart? 
The two bones forming each joint are held firmly 
together by tough bands of tissue called liga- 
ments. These ligaments are much like rubber, 
for they stretch and contract as the bones move. 

To make the joints move smoothly, the ends 
of the bones are covered with a thin m^ 
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To keep this membrane moist, the joints secrete 

a Hqiiid which acts as an oil and prevents 

the bones from rubbing 

hard against one another. 

When bones are first formed 

they consist chiefly of a 

soft, elastic material called 

cartilage. This is gradually 

changed to bone as we grow 

older. 

What are the 
functions of the Tendon 

muscles? The°/^^''^fif 
, , ^ , muscle 

skeleton frame- 
work and other Radm 
parts of the 
bodily structure 
would help us 
very little unless 
there were some 
means to enable us to move about. For this 
purpose our bodies are provided with muscles. 
On each bone of the body are roughened places to 
which are attached the ends of the muscles which 
move that particular part. Muscles also give 
to the body elasticity. They conceal the bony 
angles of the skeleton, giving them a pleasing 
roundness and a graceful shape, There are about 
four hxmdred muscles on each side of the body. 
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What is the stmcture of a muscle? A mtisde 
consists of a bundle of long thread-like fibers 
firmly bound together. This bundle can con- 
tract and relax, thus causing the movement of 
the bones and other parts to which it is attached. 
Among the cells of the muscles run inniunerable 
blood vessels and lymphatics bringing building 
material to the cells and carrying away waste 
products (page 86). In performing their work, 
the cells are being worn out constantly and new 
cells are taking their places. 

At the ends of each bundle of muscular fibers 
are strong cords called tendons, which fasten the 
bundles firmly to the bones. These tendons 
cannot contract and expand like the fibers. 
Occasionally we find a muscle attached directly 
to a bone without the aid of a tendon. There 
is also a group of muscles, of which we shall soon 
learn, which are attached to skin and cartilage 
instead of to the bones. 

What controls the contraction of muscular fibers? 
We have read (page 105) that the movement 
of the muscles is caused by an impulse carried 
from the brain or the spinal cord along the 
nerves to the muscles. The nerve, however, 
does not furnish the energy used in causing the 
contraction of the muscle. It merely acts as 
a key to imlock and set free this stored-up 
energy which the muscle has gathered from the 
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food and oxygen which the blood brings to it. 
We can get a good idea of the movement of 
the muscle by studying the picture on this page. 
In this illustration we see the muscle of the 
upper arm attached to the upper end of the 
bone at the shoulder, and at the lower end to 
one of the bones of the forearm. It is quite 
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Showing how the muscles of tJte upper arm raise and 
lower the bones oj the lower arm 

A , muscle of upper arm at rest ; B, muscle in action 

clear that when this muscle contracts, or draws 
together, it will raise the bones of the lower arm. 
Each muscle is connected with the spinal 
cord or the brain by its own nerve, which 
sends a separate nerve fiber to every fiber 
of the muscle. In this way the nerve carries 
the impulses which cause the movements of 
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the muscle. Indeed, the entire nervous system 
acts as a network of telegraph wires, flashing 
the orders of the brain to every part of the body 
and keeping the tiniest muscle busy at its own 
particular task. 

What are the two great classes of muscles? We 
have learned about voluntary and involtmtary 
movements (pages 105-108) and how the former 
are controlled by the will, while the latter are 
controlled by groups of nerve centers branch- 
ing oflE from the spinal cord. Muscles that 
perform voltmtary movements are called volun- 
tary muscles; those that perform involuntary 
movements are known as involuntary muscles. 

The voluntary muscles form the red flesh of 
the body. Their flbers have light and dark 
stripes and the muscles are attached to the 
skeleton. Being under the control of the will, 
they take orders from the cerebrum (the large 
brain) (see page 96). The cerebrum, however, 
does not give them direct orders. It is like the 
superintendent of a factory : it has so many big 
tasks to occupy its attention that it leaves 
most of the work of directing the muscles to 
the cerebellum (little brain), to the medulla 
oblongata (spinal cord within the skull), and to 
the spinal cord. 

The involuntary muscles are unstriped and 
pale in color. They are found in the skin, in 
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the coating of the blood vessels, in the lym- 
phatics, and in the heart. They also line the 
walls of the digestive system and all the other 
internal organs, whose action they control. 

What are some of the principal muscles? Some 
of the most important organs of the body are 




Various shapes of muscles 
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; b. cone-flhaped miuclft: 
': biceps (back of thigh); 
liar or "whiBtling" muide 



nothing but large muscles, as for instance the 
diaphragm, which plays such a vital part in 
breathing. It is the broadest muscle in the 
W-"-- forming the partition between the chest 
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and the abdomen. Then there is the heart, a 
hollow muscle, and the gullet or esophagus, a 
tube of involuntary muscle made of rings which 
swiftly contract during the act of swallowing. 
The ring-shaped muscle, in fact, is found sur- 
rounding all openings which relax and contract, 
such as the mouth and the socket of the eye. 

Other muscles are of varied and curious 
shapes. Some are found in triangular and in 
four-sided sheets, some are shaped like a cone, 
some like a spindle, and others look like a ribbon. 
An example of the ribbon-like muscle is the 
sartorius, or tailor's muscle (from the Latin 
word sartor, meaning tailor), which is noted for 
being the longest muscle in the body. It nms 
down the front of the thigh and is used in cross- 
ing the legs. Then we are all familiar with the 
biceps, the long muscle of the upper forearm, 
extending froni elbow to shoulder, and with the 
triceps, a similar muscle on the back of the 
upper arm. These are the muscles whose solid, 
bulging appearance is so much admired in the 
well-developed arms of an athlete. 

How does exercise affect the muscles? When 
we use our muscles constantly in work or in 
play, they demand an increasingly large supply of 
blood. This makes the muscles expand, while 
their cells grow large and multiply, 
supply of blood calls for more 0x3 
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it, and thus more heat is generated in the 
muscle, bringing to the body that warm glow 
which always accompanies brisk exercise. Our 
muscles also take on a darker red hue, giving 
them the flush of health. On the other hand, if 
we neglect to use our muscles properly, they will 
become small and pale and flabby. They will 
have scarcely enough blood to be well nour- 
ished and not nearly enough to keep the body 
firm and properly shaped. 

It should be remembered, however, that the 
muscles are fatigued by overwork. We should 
therefore take frequent periods of rest during 
long stretches of work or play and should avoid 
violent exercise when possible. Heart disease 
may arise from long-continued overexertion. 
In the next chapter, we shall learn more about 
the amoimt and kind of exercise necessary to 
keep our muscles in the best condition. 

QUESTIONS TO HELP THE PUPIL 

• 

I. Name three uses of the bones. 2. What name is 
given to the whole bony framework? 3. Of how many 
parts is it composed? 4. How are the bones nourished? 
5. Name the materials of which the bones are composed 
and state the use of each kind of material. 6. Name and 
locate the principal bones of the skeleton. 7. What are 
the two kinds of joints? Illustrate. 8. Name the two 
great body cavities. 9. What keeps the bones from 
falling apart when they are moved about? 10. What 
•e the muscles? 11. How are the muscles fastened to 
\ bones? 12. Tell all you can about the work of the 
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muscles. 13. How does the work of the voluntary 
muscles differ from that of the involimtary muscles? 
14. Show how exercise changes the size, quality, and 
color of the muscles. 15. How many muscles can you 
name and find? 16. What danger is there in too violent 
exercise? 



X. Physical Exercise 

What is the value of special physical training? 

Ordinarily the child who plays out of doors will 
become thoroughly developed physically. The 
muscles of the legs are developed by walking 
and running, and the muscles of the arms by 
playing ball, drawing carts, and other play 
activities. The deep and rapid breathing which 
vigorous play induces will develop the muscles 
of the chest. Thus most of the child's muscles 
become developed in play. It is advisable, 
however, to aid and direct such development 
scientifically and to provide special exercise for 
certain needs. For this reason the gjminasiimi 
is an important aid to the playgroimd. 

What is a gymnasium and how should it be 
equipped? The gymnasitim is, as a rule, a closed 
building where exercise may be taken during 
very cold weather, in rainy seasons, and even at 
night. Thus the gymnasitim provides a place 
where the important process of physical develop- 
ment may be carried on when it wotild other- 
wise be prevented by outdoor conditions. 

When properly equipped, the gymnasitmi is 
supplied with many different kinds of apparatus 
for physical development. 

The most common appliances included in the 

i8i 



i8j WILEY'S HEALTH SERIES 

eqmpment of a modem gymnasitun are poles, 
rings, ladders, swings of various sort;s, "horses," 




JnUrior oj a gymnasium 

trapezes, and merry-go-rounds. Frequently 
also there is a running-track, as well as a swim- 
ming pool. In addition provision is made for 
the playing of basket-ball and other forms of 
indoor ball. For exercises on the trapeze, or 
for any other exercises in which there is danger 
of falling, padded floors or cushions shoiild be 
provided. 

The attendant should always take care to have 
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the gymnasium well ventilated. The tempera- 
ture should always be lower than would be agree- 
able to any one not engaged in active exercise. 
While the temperature in the living room should 
be kept at sixty-eight to seventy degrees, the 
temperature in the gymnasittm may properly 
be kept as low as sixty to sixty-five degrees. 

Are gymnastic exercises of value ? The value of 
gymnastic exercises cannot be denied. Though 
conducted within doors, such exercises, if prop- 
erly directed and if the gymnasittm is properly 
ventilated, are very beneficial. But the boy 
in the gymnasium needs supervision; in other 
words, his exercises must be performed under 
the direction of a teacher. To turn children 
loose in a gymnasium without any supervision 
or instruction with regard to the use of the 
various appliances found there might do more 
harm than good. 

The instructor or supervisor should endeavor 
especially to prevent excessive physical exertion. 
An imusual strain or fatigue in the muscles of 
the body as a restilt of too much exercise is 
harmful instead of beneficial. 

What kinds of gymnastic exercises should be 
given? In the gymnasium, children should at 
first go through very simple exercises. The 
exercises should gradually become more difficult 
as the muscular system develops and endurance 
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increases. Thus, by gradual training the child 
may leam to perform with ease exercises which 
he otherwise cotild not have done. Running, 
jtmiping, swinging, climbing, the swinging of 
Indian clubs, vatilting, and many other exer- 
cises are included in the general course of 
instruction. 

A detailed description of the particular forms 
of exercises which should be practiced in the 
gymnasium cannot be given here. The wise and 
scientific superintendent will study each child 
and try to give him exercises in accordance 
with his particular needs. Children become 
very fond of gymnastic work when it is prop- 
erly conducted. Its good effects are visible in 
hardened muscles, clearer eyes, greater mental 
activity, and increased physical endurance. 

What is the value of competitive games? 
Competitive games, that is, games played by 
opposing sides, are better than ordinary play 
because of the added zest induced by the desire 
to win a victory. The sport of simply throwing 
or batting a ball is pleasant exercise, but it can 
in no way equal the interest of a game of ball 
in which each side is struggling for the victory. 
For this reason competitive games played in 
the gymnasium or in the open field, tmder good 
supervision, are effective in promoting physical 
development. 
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Are competitive games dangerous? There is 
one danger to be avoided in such games. The 
players are apt to put forth supreme efforts at 
critical moments in the game. Such efforts 
result in excessive strain or fatigue. Some 
games are much more dangerous on this accoimt 
than others. First among such games is foot- 




Playtng lawn tentns 



ball, though there is scarcely any game in which 
a child will take part with more enthusiasm. 
For children, the modified Rugby variety of 
football is preferable to the g&me played by 
college and imiversity students. In football, 
extreme physical exertion is necessary, at least 
for a few moments at a time, in order to win the 
victory. 
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Competitive games with kss danger to the 
duld are baseball, basket-balL and la.wa temois. 
Tennis, e^iecialh', afiords sccllent physical 
traimng, and withoiit any TCiy great danger of 
overexerticm. Baseball is a nadooal sport, and 
every boy will want to leam to play it. It is 
comparatively safe, full erf int^est, and requires 
mm^ skill. Every chfld should be encouraged 
to play baseball or 
some modified form 
of it, such as volley- 
ball, indoor baseball, 
and handball. 

Are nmniiig games tiie 
proper tiling forduldTen? 
Running competitive 
games are interesting, 
but they require prob- 
ably a greater degree 

Ridini a bicyeU. A benefkud of physical eXCrtlOn 
outdoor exercise ^y^^ ^^^ ^^^^^ ^^^ 

There is danger to the heart and the organs 
of circulation in the supreme efforts put forth 
in such games in order to win, and yoimg folks 
especially should not take part in them. 

A few years ago almost everybody rode the 
bicycle for pleasure. Bicycle riding is delightful 
and beneficial, but when long runs at a rapid 
rate of speed are made, as in racing, extreme 
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fatigue and great injury may result. In gen- 
eral, competitive games are to be encouraged, 
but always with wise supervision. 

QUESTIONS TO HELP THE PUPIL 

I. Why should children's play always be scientifically 
directed? 2. What is a gymnasium? 3. Why should 
exercises in a gymnasium be tmder the supervision of a 
teacher? 4. Is excessive physical exertion in exercise 
or play hurtful? 5. What should be the temperature in 
the gymnasiimi? 6. What is the result of properly con- 
ducted gymnastic work ? 7 . Why are competitive games, 
like baseball, beneficial in promoting physical develop- 
ment? 8. What danger should be avoided ia playing? 

9. How does an tmusual strain or fatigue affect the 
muscles ? 10. What are the dangers of competitive games ? 
II. Under what conditions is bicycle riding beneficial? 
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XI. Health Habits 

Fanning health habits. In all our study of 
the organs of the body and their fxinctions, we 
find that the formation of health habits depends 
not so much on certain acts that we must 
perfonn at certain times, though these are 
also important, but mare on our determina- 
tion not to do 
certain things 
that do not 
agree with laws 
of nature. 

Natural posi- 
tioDs. Nature 
intends that 
when we are 
on our feet we 
shall hold our 
bodies erect. 
In that position 
all the organs 

An incorrect sitting pcsilion ^^ ^^^ ^^^ ^^ 

best perform their functions. When we sleep 
the reclining position is the natural one. When 
we rest the natural thing to do is to sit down. 
So it is with breathing, sleeping, eating. The 
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natural way is the correct way. When we bend 
our backs over a desk or assume a crooked 
position in standing, the organs of the body are 
cramped and cannot perform their ftmctions in 
a harmonious way. But if we hold our bodies 
erect in a natural way, something tells us im- 
mediately that it is the natural and correct 
way. You may prove this for yourself. Stand 
up straight with the abdomen drawn in, the 
shotilders thrown back and chin up, your arms 
hanging easily at your sides. With the feeling 
of erectness there will be a new vigor in all 
yotu* body. Your breathing will be deeper. 
You will have an entirely new attitude toward 
all the world, as if there were nothing you could 
not win if you set yourself to it. 

Health habits in relation to the digestive functions. 
In this book we have learned a great deal about 
the digestive organs and the way the work of 
digestion is carried on. We have also learned 
about the wonderful mechanism of the nervous 
system and the senses that keep us in touch with 
the outside world. In the course of oiu: study 
the necessity for many health habits has been 
discovered. In order to impress these more 
strongly on oiu: minds, we will again go over 
the main points of the reading. 

What is the purpose of food? We know that the 
nurpose of food is to maintain life. We eat to 
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live. In the process of living, in every move- 
ment we make, both volimtary and involtm- 
tary, in every sensation, in every thought that 
passes through our minds, tissues of the body 
are used up and must be replaced by digested 
food elements. In the growing age the body 
needs still more nourishment, for then, besides 
repairing the waste tissues, new tissues must be 
formed. At the same time the natural tem- 
perature of the body must be maintained. 

Do the different classes of food all serve the same 
purpose? No, the different classes of food do not 
all serve the same purpose in nutrition. Pro- 
tein is the principal building material of the 
body, and is fotmd in every tissue in varying 
quantities. It is the essential material compos- 
ing the musctilar tissues, the skin, the nails, and 
the hair. It is one of the important substances 
in the blood, the bones, the nerves, and the brain. 
It is present in small quantities even in fat. 
Protein foods all contain albumin. Such foods 
as eggs, lean meats, milk, nuts, peas, beans, and 
oats are rich in protein. 

The carbohydrates are the chief heat and 
energy producers. Starch and sugar are called 
the fuel of the body. When there is an excess 
of carbohydrates for immediate use, these food 
elements are used in forming fat tissues, or are 
stored away in the liver or the muscular tissuM 
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of the body. Fats and oils are formed of essen- 
tially the same elements that exist in the carbo- 
hydrates. They are also used in nutrition for 
practically the same ptirpose as the carbohy- 
drates — that is, to furnish heat and energy. A 
greater amotmt of heat is produced in the body 
by fat or oil than by any other food element of 
the same weight. It is evident that fuel foods 
should be used in moderation in the hot days of 
stimmer. Protein foods also furnish heat, and 
this heat is given off promptly. Protein cannot 
be stored for f utiure use as is the case with sugars 
and fats. Hence it shotild be used in modera- 
tion in hot weather. 

The mineral foods are used in building bones 
and teeth. They also furnish to the blood and 
tissues the alkaline substances needed in making 
new cells. Then, too, secretion of digestive 
fluids is assisted by mineral matter. As a 
general rule we do not get enough mineral food. 
In the preparation of many foods, the natural 
mineral content is greatly reduced. We have 
learned how the mineral and other valuable food 
content of wheat and com is greatly reduced 
by the modem method of milling. The house- 
wife, also, is inclined to be too careful in remov- 
ing the outer coverings of vegetables and fruits. 
By discarding these parts, the mineral content 
of ' ^ed. It is better to eat 
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the skins and outer coverings of foods, if they are 
thoroughly cleaned, than it is to discard them. 
The activating elements of our food, which have 
been called vit amines, reside chiefly in the bran 
of cereals and the skins of fruits and vegetables. 
The health is injured when these elements are 
removed. 

Children especially need mineral foods for 
the construction of bones and teeth. Proof of 
this is foimd in the large mineral content of 
milk, the food we may take as a model in the 
proportions of food elements it contains. A 
great many children have poor teeth. This is 
largely the restilt of the excessive eating of 
candy and sweet stuffs to the exclusion of foods 
containing bone-building material. 

What is a balanced ration for a grown man? 
We have learned (Book II, page 25) that the 
proportions of nutritive elements in the food for 
children should be approximately as follows: 
mineral matter, one; protein, foiu:; fat or oil, 
six; and sugar and starch, eight. The propor- 
tion of these elements in the ideal ration of a 
grown man differs considerably from these 
figures. We find (page 19) that the amotmt 
of carbohydrates is greatly increased, and the 
fat much reduced. 

What is the result of an unbalanced ration? 
We have learned (page 20) how to tell whether 
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a ration is well balanced. Any great variation 
from such a ration is more or less dangerous 
to health. Experience of a scientific character 
and natural taste or instinct are the best guides 
in securing a balanced ration. 

That the proportion of the elements of nour- 
ishment in the food of human beings is of great 
importance in the development of the body is 
clearly demonstrated in the physical character- 
istics of different races. Americans, Canadians, 
Australians, and inhabitants of northern Europe 
are large in statiure. This is because the protein 
content in the food is high. People of Greece, 
Spain, and Italy are generally small in stature, 
because the protein content in their food is low 
and the carbohydrate and fat content is high. 
It is also evident that these persons of large 
stature are inhabitants of regions where many 
kinds of cereals are raised and where food of 
all kinds is in greater abimdance. 

Simplicity in diet. One of the f tmdamental 
necessities in diet is simplicity. We have 
learned that there must be variety in our food. 
That does not mean that we must have all the 
different kinds of food at one meal. That wotild 
be a very dangerous proceeding. We shotild 
not eat more than three or four kinds of food at 
a meal. But at the next meal or the next day 
we may choose other varieties, and so in the 
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course of three or fotir days go through a wide 

range in the kinds of food we eat. 
Another good rule to observe is to eat only 

one thing at a time. That is, do not mix all 

the kinds of food together at each mouthful. 

Digestion is best carried on when only one kind 
of food is pres- 
ent at a time. 
Foods also lose ' 
their respective 
tastes and 
flavors when 
mixed with 
other foods, 
and we are de- 
prived of the 
real enjojnnent 
of eating. 
Chewing each 
food well gives 
_ usthefullbene- 

QfUn »n paslry the elements are mixed closely fit of itS taSte. 
together ca«.^^g imperMt dxgesHon Simplicity in 

diet means, too, that we should avoid rich 
foods. These we have learned would upset the 
balance of the ration. Rich foods contain much 
sugar or much fat or oil, or excessive protein. 
In rich foods the elements are very often mi? 
closely together, as in pastry and confo 
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The digestion of such foods must be imperfect, 
for one kind of food is digested in one part of 
the digestive canal and another in another part. 

The scripture story of Daniel is an excellent 
illustration of the result of simplicity in diet or 
the avoidance of rich foods. At the court of 
Nebuchadnezzar, Daniel and three companions 
were to be trained with a number of children, as 
pages to the king. They were kept at the 
palace and fed on rich food and wine from the 
king's table. But Daniel asked that he and his 
three companions be given plainer food. At 
the end of the period of training their health 
was foimd to be far better than that of the 
others: ** Their coimtenances appeared fairer 
and fatter in flesh than all the children which 
did eat the portion of the king's meat.'' 

"And in all matters of wisdom and tmder- 
standing that the king inquired of them, he 
foimd them ten times better than all the magi- 
cians and astrologers that were in all his 
realm." 

Health habits in eating. In every home, 
children of the growing age have little to say 
about the selection and preparation of food. 
The wise mother knows what each child 
should have, and adapts the quantity to the 
and state of health of each one. She 
rty of foods so as to give all the 
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tissues the needed notirishment, and she pre- 
pares the food for her family in delicious forms 
so that, because of its attractive taste, the food 
may do them the greater good. But the child 
should be told the reasons for having a simple 
diet and what each kind of food does for him. 
It is surprising how soon he will take a deep 
interest in these things. 

After the food has been selected and prepared, 
eating is simply the act of putting the food into 
the mouth, grinding it with the teeth, and swal- 
lowing it. The digestive organs do the rest, 
turning the food into digested material for the 
use of the various tissues and organs of the body 
— bone, muscle, fat, skin, and so on. But the 
simple acts we perform in the process of eating 
have all the influence in the world in determin- 
ing how the rest of the process shall be carried 
on — whether the work shall be done thoroughly 
or whether the body shall be cheated of the 
sustenance it needs. It is then that much of 
the responsibility falls upon the child, and it 
is necessary for him, in order that he retain 
good health and build a strong and sturdy body, 
to form good habits in eating. 

What is the first step in the digestion of food? 
The first step in the digestion of food is the 
process of chewing. Chewing ^^ essen- 

tial process. To be properl; Hi, 
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especially starches, must be ground into fine 
particles and mixed with saliva in the mouth. 
Unless this first process is well done, the rest 
of the digestive process will not be perfected as 
it should be and the body will not be properly 
nourished. 

Health habits in the care of the mouth. The first 
care should be the development of good tempo- 
rary and permanent teeth. We have learned 
that, for this reason, the food must be rich in 
bone-building and tooth-building material, that 
is, in mineral substances, especially lime and 
phosphoric acid. The child should drink plenty 
of milk, for that food contains these minerals 
in the proper proportion. 

The next care should be to take measures to 
preserve the teeth. Children's mouths should 
be carefully inspected at regular intervals and 
bad teeth promptly cared for. 

The habit of keeping the teeth 
clean. An indispensable health 
habit is to clean the teeth well after 
every meal, using a toothbrush 
and powder or paste effectively. 
If this is not done, fermentation 
may take place, with formation Molar with de- 
of acid which softens the teeth. ^^"^^ 
Bacteria will find lodgment in the mouth and 
start the process of decay in the teeth, or else 
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the bacteria will be carried into the body to 
work hann wherever they go. Most of us know 
the painful sensation that tells us that a tooth 
is decayed and the nerve exposed. Is it not 
wiser to keep the teeth clean and so avoid the 
pain of toothache, and at the same time make 
sure that the process of chewing will be well 
performed? 

What not to do. The mouth cannot be kept 
free from bacteria, nor is it necessary that it 




Drinking front a public drinking cup may cause illness 



should be. Nevertheless we shotUd practice 
the utmost cleanliness. The bacteria that enter 
the mouth through filthy habits are very imde- 
sirable. To prevent this the hands must be 
kept away from the face as much as possible. 
The fingers are constantly in contact with things 
that have been handled by other peopi " " "■ 
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knobs, books, desks, all may be covered with 
dangerous bacteria and germs. If we touch 
them and then put the fingers to our lips or into 
our mouths the bacteria are given opporttmity 
to enter our bodies, in many cases causing severe 
sickness. 

Never drink from public drinking cups. Al- 
ways have your own and keep it clean. Never 
use a spoon or fork that some one else has used 
unless it has been washed and sterilized. Do 
not chew your pencils or put pins into your 
mouth. The only things you should ever put 
into the mouth are good clean food and drink, 
and a clean toothbrush. 

Chewiiig gum or any like substance is a source 
of great danger. The chewing causes con- 
tinuous activity of the salivary glands, and 
large quantities of saliva are discharged into the 
mouth. The glands thus become overworked 
and worn out, and finally become unfitted to 
play their part in the digestive functions. 

People who chew gtim do so sometimes in 
order to disguise a disagreeable odor from their 
mouths. The bad odor could usually have 
been prevented by habits of thoroughly cleaning 
the teeth. Others chew gum to tickle the sense 
of taste continuously. They do not stop to 
think that this practice is a sure way to weaken 
mexise of taste. Eventually, if the habit is 
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continued, the real pleasttres of the sense of 
taste will have disappeared. Besides, we are 
then no longer able to depend upon the sense of 
taste in our selection of food, thus avoiding 
what is not good for us. Moreover, gum chew- 
ing is a disgusting habit. 

Biting the finger nails is also a very dangerous 
habit. All kinds of bacteria and poisonous 
substances gather under the finger nails. Think 
what it means to get all these impurities into 
your mouth. Besides, the fingers become very 
unsightly if the habit is continued any length 
of time. The habit once formed is hard to 
break. 

The process of digestion in the stomach. We 
have read (pages 47-50) how, when the food has 
been well chewed and every particle mixed with 
saliva, it is carried by the tongue back to the 
esophagus and there sent into the stomach by 
the automatic action of the esophagus muscles. 
Thereafter the process of digestion goes on in 
an apparently independent way and we are not 
conscious, to any extent, of the activity of the 
digestive organs, tmless digestion goes wrong. 

We have read of the strong muscular move- 
ments of the stomach and intestines (page 53) 
and how these movements as well as the process 
of secretion of the digestive fluids are affected 
by the state of mind of the individual. 
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For this reason let us form the habit of always 
being in a cheerfid frame of mind Especially 
at the dining table is this 
important. Tliere the con- 
versation and associations 
shoiild be pleasant. Dis- 
agreements should be for- 
gotten. Themore agreeable 
the companionship, the 
more attractive the surround- 
ings, and the bettra* the humor, 
the more effective will be the 
workings of the digestive or- 
gans, and the more nourishing 
will be the food. 

We should not fall into the 
habit of grumbling at what ^nyda/Isa^od 
cannot be helped. Many per- '^'^ **^' 

sons injure their health by being angry with the 
weather. Whatever the weather may be, hot 
or cold, wet or dry, windy or calm, we should 
endeavor to make the best of it. As James 
Whitcomb Riley says; 

" 'Tain't no use to grumble or complain. 

It 's jist as cheap and easy to rejoice. 

When God sorts out the weather and sends rain. 

Why, rain 's my choice." 

Some hindrances to digestion after the food is 
swallowed. To play, to work, or to exercise 
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violently immediately before or immediately 
after eating hinders the digestive process in 
the stomach and intestines. Blood is needed 
•by the alimentary organs in the process of diges- 
tion. When we use our muscles vigorously the 
blood is drawn away from the stomach and 
intestines to provide the muscles with the nec- 
essary energy. In this way, deprived of the 
necessary blood, the process of digestion cannot 
do its work thoroughly. 

Regularity in the time of meals is another 
necessity for good digestion. Habits of regu- 
larity accustom oiu' digestive organs to expect 
1,1. , -'^^^^ food at a cer- 

! 4 l^'^^O J j)) tain hour. 

1 iU nri^lf^^^^^^^-- '^^^ process 

-Ifjfl iB^mliW^^^^^^Z. of digestion is 

-iiiMHf;t"^-^aF' P^^1 TZl"'3^s:J'^ ^^^ ready for it 
1 BBf^I^^E^^^^ c j^^^ at that hour. 
I m |^!^B^^^t»"!^- "^ So if we eat a 

later than the 
usual time, 
and the next 
day an hour 
earlier, the 
process of 
digestion will be upset and the organs do not 
know when to be ready for their woi' 
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What are fhe principal digestive ferments in the 
stomach? We have read that the principal 
digestive ferments in the stomach are rennin 
and pepsin. Reimin plays an important part 
in preparing for the digestion of milk, and pep- 
sin in the digestion of protein. 

What is the function of a digestive ferment? 
The ftmction of the digestive ferments is to 
break up each particle of food into its chemical 
elements or into simpler combinations of sub- 
stances. We have also read how the food 
changes from alkaline to acid and from acid to 
alkaline as it passes through the digestive 
organs. In the mouth the saliva makes the 
food alkaline; that is, it adds lime, magnesia, 
and sodiimi. In the stomach hydrochloric acid 
secretions act on the alkaline properties of the 
food, which then becomes acid. In the small 
intestines, new secretions in turn overcome 
the acidity of the food, which then gradually 
again becomes alkaline. These changes are 
essential in digestion. 

Usually the stomach is empty three or four 
hours after eating. This makes it clear why we 
should not eat at frequent intervals. New food 
mixed with the old hinders the process of diges- 
tion or causes it to be imperfectly performed. 

What are the digestive ferments secreted by the 
small intestines? We have learned that the 
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principal digestive ferments secreted in the 
small intestines are bile, secreted by the liver; 
and diastase, trypsin, and lipase, all secreted by 
an organ called the pancreas. Diastase acts 
on the carbohydrates in the food, continuing the 
process begim by the saliva in the mouth. 
Trypsin acts on the protein substances which 
had been converted by the pepsin in the stomach 
to peptone and reduces them to amino acids. 
The lipase acts on the fat or oil and separates 
it into glycerol and fat acid. 

The absorption of digestive food substances. 
Nutrients, the nutritious elements of the food, 
are principally absorbed in the small intestines. 
In the walls of these intestines, in addition to 
the vessels which permit the secretion of the 
digestive ferments and fluids, is an extensive 
system of absorbing vessels. These absorbing 
vessels take up the nutrients prepared by the 
digestive ferments and send them into the 
blood. 

The digested proteins and carbohydrates are 
sent principally through a vein known as the 
portal vein which leads to the liver. The fats 
are absorbed by vessels 'known as lacteals, 
which send them directly into the blood stream. 
There is no special duct for the mineral sub- 
stances. These enter the blood together with 
the carbohydrates, fats, and protein substance** 
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What further process takes place in the prepara- 
tion of food for use in the body? The portal vein, 
which receives the final products of the digested 
proteins and carbohydrates, carries these sub- 
stances to the liver. There most of the sugar 
is changed to a substance called glycogen and 
stored away to be used as the body needs 
sugar for heat and energy. Glycogen is also 
stored in other tissues of the body. Another 
important work of the liver is to separate a 
waste product called urea from the digested 
protein. This substance is then carried to the 
kidneys, which in turn send it out of the body. 

What health habits are necessary to the I)roper 
functioning of the liver and kidneys? The liver 
and the kidneys are very important organs. 
They remove poisonous substances from the 
blood. If the kidneys or the liver should cease 
to act, the body would soon die from poisoning. 

The kidneys need water in order to carry on 
their functions properly. So we see that the 
practice of drinking water freely to aid digestion 
is also beneficial to the kidneys. It dilutes the 
poisons gathered by the kidneys from the blood 
and helps to remove them. 

The danger of an tmbalanced ration has been 
impressed upon us. When there is more pro- 
tein than can be used in the body the liver 
breaks it up and sends it to the kidneys as waste 
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products to be excreted. Thus it is clear that 
overeating or a too great content of protein in 
the ration places too great a burden on the liver 
and the kidneys and they become worn out. 

The excessive eating of sugars, candies, and 
confections places an added burden on the liver. 
When there is too much sugar in the food, the 
liver is overworked to take care of it. When 
there is more sugar than can be stored away 
or burned, the liver tries to get rid of it by send- 
ing it to the kidneys, which then send it away 
through the bladder. An excessive amount of 
sugar in the urine is a symptom of a disease 
called'diabetes. Other similar faults in the diet 
cause other diseases of the kidneys. Thus we 
see the importance of simplicity in diet and a 
well-balanced ration, besides their value for the 
proper nutrition of the body (page 15). 

The effect of alcohol on the kidneys and the liven 
We have been warned against the use of alco- 
holic drinks. Alcohol is very injurious to the 
kidneys and the liver, often causing inflamma- 
tion. Alcohol at first stimulates these organs to 
excessive action in an effort to get rid of it, but 
the .final result is always that the functions of 
the body are disturbed and its organs diseased. 

The danger of retaining waste products of diges- 
tion in the body. Waste products of digestion 
form very poisonous substances. If they are 
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not promptly and regtdarly eliminated from the 
body these poisons are reabsorbed into the 
blood. Thus the whole body is poisoned and 
death is often the restilt. 

Habits which tend to make a healthy blood 
stream. We have read (page 80) how the blood 
is supplied with the nutrients obtained by the 
process of digestion. The blood stream carries 
these nourishing materials to all tissues of the 
body. We have also learned how the blood 
carries waste products away from the tissues 
and from the digestive organs to the excretory 
organs. The blood is the oxygen carrier and 
contains the wonderful white corpuscles that 
guard our health by attacking and destroying 
the dangerous germs that find their way into 
the body. Thus we see how important it is to 
keep the blood stream in a healthy condition. 
Pure air, deep breathing, a well-balanced ration, 
temperance in eating and drinking — in fact, all 
health habits tend to make a healthy blood 
stream. 

The nervous system. The functioning of the 
nervous system is very wonderful; in fact, we 
cannot tmderstand it entirely. We know that 
the nerves are fine white threads extending 
throughout the body, either as separate fibers 
or bound together in bundles called nerve 
tnmks. They carry impulses to the brain and 
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Spinal cord and another set of nerve fibers carry 
the imptdses or excitations back to the muscles, 
stimulating them to action. 

Apparently these nerve fibers are all alike 
in the work they do — that is, the work of trans- 
mitting impulses — just as telegfaph wires are 
very much alike although the messages sent 
over them vary greatly. But certain nerves 
are provided with peculiar endings or ''end 
organs,'' as they are sometimes called, on or 
near the surface of the body, that are specially 
adapted, in each case, to the reception of 
some one particular kind of stimulation. For 
example, the end organs of the nerves of sight 
can be stimulated by light waves, but by 
nothing else. The end organs of the nerves 
of hearing can be stimulated by sound waves, 
but by sound waves only; and so with the 
end organs of all the nerves of special sense. 

There are at least five such groups of modified 
nerve endings, having fibers extending from the 
surface of the body to the spinal cord, or brain, 
or both. The nerve end organs of sight are 
in the retina in the back part of the eye. 
The nerve end organs of smell are in the mucous 
membrane lining of the nose. The nerve end 
organs of taste are chiefly in the tongue. Those 
of hearing are in the inner ear; those of touch 
are chiefly in the skin. 
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There are also other less specialized nerve 
endings, as those that give the sensations of 
hunger and 
thirst, heat and 
cold, pain and 
comfort, and 
the feeling of 
the movement 
of the muscles. 
But these last 
are not usually 
classified under 
the term 
"nerves of 
special sense." 

Health habits 
in relation to the 
sense of sight 
The sense of 
sight is one of 

our most pre- An incoma reading po^U^ 

cious possessions. Think what it would mean 
to live always in darkness, and not to be able 
to see the beautiful and interesting things in 
the world about us. You can imderstand how 
important it is that we take the utmost care of 
our eyes. 

Never read unless the light is good. If you 
do so the nerves of the eye are made tired and 
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finally weakened. Never read with the light 
shining directly into the eyes. You know the 
after effect of looking directly at a bright light. 
A black spot appears before the eyes and we are 
temporarily blinded. The light should shine 
on your work from behind, preferably over the 
left shoulder. 

Never rub your eyes with your fingers. You 
have been warned not to put your fingers to your 
lips nor into your mouths and not to use public 
towels because of the danger of germs and bac- 
teria. The same caution applies to the eyes. 
The best rule is to keep the hands away from 
the face as much as possible. 

If something gets into your eye — say a speck 
of dust or a cinder — do not rub the eye. If 
you do so the particle may become imbedded 
in the eyeball or in the eyelid, so that its removal 
will be very painful. The best thing to do is 
to draw the upper lid down over the lower, or 
the eye may be bathed. The eyelid may also 
be folded back upon itself and thus the foreign 
object be brought to view. It then can be re- 
moved with a clean handkerchief. If neither 
of these methods helps, a specialist should be 
consulted. 

Defects in the eye should promptly be at- 
tended to. An expert optician can correct 
many of them. If eye troubles receive no 
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attention they become worse and cause other 

troubles, such as headaches and nervousness. 

The child with 

poor eyes cannot 1 nniiiJi|||iP 

do his work in Il|if'l|'ll 

school as he 

should. 

Health habits and 
the sense of smell 
The sense of smell 
is a very impor 
tant sense in rela 
tion to health. It 
warns us of many 
dangers, such as 
bad food, or im 
pure air, which we 
could not other 
wise avoid. A 
neglected cold may 




A correct reading position 



cause chronic catarrh or thickening of the 
mucous membrane and the secretion of large 
quantities of mucous. These conditions de- 
crease or entirely check the activity of the end 
organs of anell. Thus we must always give 
prompt attention to colds or any affection of 
the nose. 

Health habits and the sense of taste. We have 
learned how the sense of taste warns us 
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injtirious food. It is also important in the 
digestive fimctions as it causes the digestive 
fluids to flow. 
The sense of 
taste is injured 
by extremely 
cold or warm 
food substances. 
We have learned 
that the tem- 
perature of food 
and drink 
should not be 
below fifty degrees nor much higher than the 
temperature of the body. They certainly should 
never be hot enough to bum. 

Alcoholic drinks, too, are dangerous to the 
sense of taste, for the alcohol so acts on the 
nerves with which it comes in contact that it 
produces a desire for more. So here we have 
another vital reason for avoiding alcoholic 
drinks besides the injury they cause to the 
internal organs and the functions of digestion. 
Health habits and the sense of hearii^. The 
sense of hearing guards us from many dangers 
and is also the source of much pleasure as well 
as an avenue of knowledge. 

Colds and inflammations are dangerous to 
the delicate nerves of hearing and should be 
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promptly cared for. The ear should also be 
kept clean to prevent the wax secretion from 
accumtilating. Never blow or shout into any 
one's ear. The sudden shock may seriously 
injure the sense of hearing. The drum of the 
ear is a delicate instnmient and may be broken 
easily. Do not blow your nose violently when 
your mouth is shut. It may hurt your hearing. 

Adenoids often affect the sense of hearing as 
well as the sense of smell. Adenoids are tissue 
growths at the back of the nasal passages and 
sometimes completely close the air passages to 
the nose and the inner ear. Adenoids should 
promptly be removed by a surgeon. The child 
with adenoids caimot breathe through his nose 
as he should, and the effect is far-reaching in 
its danger, both physical and mental. 

Health habits and the sense of touch or feeling. 
The sense of touch gives us more information 
and of a more varied kind than any other sense. 
In a great measure it may make up for the 
other senses if we should be so tinfortunate as 
to lose them. The sense of touch may be very 
highly trained. We have evidence of this in 
the skill of professional men, like the surgeon, 
the skilled mechanic, the musician !^j\d the artist. 

It has also important relp '^-^alth, 

for it warns us of many dai 
avoid them. The " 
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as well as that of the whole nervous system, is 
dependent on the state of health of the whole 
body. We have learned that most good health 
habits indirectly improve the health of the blood 
stream. In the same way good health habits 
all tend to improve the condition of the nerves. 

Alcohol and the nerves. We have read of the 
dangerous influence of alcohol on the digestive 
organs. Alcohol inflames the mucous mem- 
brane in the stomach and digestive organs. It 
ntimbs all nerves with which it comes in contact. 
Moreover the liver and the kidneys are over- 
worked, in the effort to get rid of the poison. 
The entire system is affected, the tissues in some 
parts of the body harden, the nerve tissues 
are injtired, the senses become bltinted, and 
frequently the brain is affected. With all these 
terrible effects of alcohol it is evident that we 
should not permit ourselves to indulge in drinks 
containing alcohol. No man can be successful 
in anything he tmdertakes if he uses alcohol 
freely. 

Laws regarding the sale and use of alcohol. 
For more than fifty years Maine has been a 
prohibition state; that is, a state where the 
sale of alcohol is forbidden. One by one other 
states have followed her example until prohibi- 
tion has become the law throughout the United 
States. By act of Congress, as a war measure. 
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the making of whisky was prohibited during the 
continuance of the European War. Medicine 
makers generally are required to state on the 
labels of their bottles the amount of alcohol 
or other poisonous drug contained in the bottle. 
The aim of this last requirement of the law is 
protection of the people against taking danger- 
ous drugs through ignorance of their presence 
in the medicine. 

The danger of using alcoholic liquors is now 
recognized by the great governments of the 
world. The government of Russia realized that 
an army composed of alcoholics could not win 
victory and therefore rigidly restricted the use 
of vodka during the early part of the war. 
Other nations restrict the use of alcohol. 

Indirectly legislation requiring employers to 
pay compensation for injuries, affects alcohol 
users also. Employers are far more careful 
than formerly about hiring persons who deaden 
their sense of responsibility by the use of nar- 
cotics, and who therefore easily make them- 
selves liable to serious injuries. The rapid 
multipHcation of street cars, automobiles, fac- 
tories, machinery of all kinds, makes a crying 
need for the abolition of any custom that clouds 
the mind and tmnerves the hand. 
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What is tlie effect of tobacco on the nerves? 

We have read of the dangers of drinking coffee, 
tea, and cocoa, because of the alkaloids con- 
tained in them. In this book (pages 160-162) 
we have read of other poisonous alkaloids, 
such as cocaine, morphine, and opiiun. Still 
another substance belonging to this class of 
poisons is nicotine. Nicotine is the alkaloid 
contained in tobacco. In its pure state small 
quantities of nicotine wiU cause death. When 
tobacco is first used, even -in small quantities, 
the nicotine causes extreme nausea, violent 
vomiting, and many other symptoms of severe 
poisoning. When used continually the system 
becomes accustomed to it so that 
large amounts of tobacco may 
be tolerated without causing any 
apparent evil effects. But the 
process of poisoning goes on 
just the same, gradually breaking 
down the nerve cells, hardening 
the arteries, and injuring the 
entire system. Many medical 
authorities think that smoking 
tends to promote cancer of the 
lip, tongue, and throat. 

Many employers will not hire 
men who smoke. They know the effect of 
nicotine and they know that men who use 
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tobacco cannot do as good work as those who 
do not use it. Thomas A. Edison does not 
like to employ 
tobacco users. 
Henry Ford 
prefers not to 
have them in p. 
his factories. 
So we see that 
the person 
who uses 
tobacco is 
deprived of a 
chance in the Appiyingfc 
race for suc- 
cess. He not only is denied employment but 
he so injures his strength and nerves that he 
could not do good and effective work if he 
had the chance. Tobacco smoking is also 
very frequently the cause of fires in bams and 
factories. 

Laws r^arding the sale of tobacco. Many 
of the United States now forbid and ptmish the 
sale of cigarettes to minors. Some forbid the 
manufacture and sale of cigarettes at any age. 
In spite of these restrictions, the tobacco habit 
is widespread. But there is an increasing num- 
ber who feel that the use of tobacco should be 
stopped, simply as a matter of decent manners, 



2i8 WILEY'S HEALTH SERIES 

to say nothing of stronger reasons. ''As citizens 
of a Republic/' says one of our leading educa- 
tors, **and joint owners of the atmosphere, we, 
the one million men and the forty million women 
who do not smoke, have the right to ask the 
others to put away their cigars when they are in 
our company. We ask them for a free passage 
through the world, with pure air all the way.'' 

Good habits of sleep and what they bring. Sleep 
is the resting period of the nervous system. 
The muscles may be rested by keeping the body 
motionless. This also rests the nerves. But 
the real rest of the nerves, when the worn-out 
nerve cells can be built up again for further 
work, is in sleep. The nerves control all move- 
ments of the muscles, including breathing and 
the beating of the heart. We have learned 
that the nerves also receive and transmit all 
stimulations, sending them to the brain and 
spinal cord, the central stations of the nervous 
system. With this enormous work to perform, 
we can tmderstand how much the nervous 
system needs frequent periods of rest. 

Sleep is not only the resting time of the 
nerves, the brain, and the muscles, but it is also 
the mending time. During the day, in our play 
and work, the tissues of the body are used up 
very fast, so fast indeed that the building-up 
process cannot keep up with it. In sleep the 
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muscles and nerves are qmet, there is little or 

no wear and tear, and the building-up process 

has a chance to 

catch up in its 

work of renew 

ing the body 

and preparing it 

for further work 

and play. So 

we see how im 

portant sleep is 

in relation to 

health. 

We have read 
that the win 
dows in our 
sleeping rooms 
should be wide 
open, or better 




Regularity in going 



good habtt 



still tiiat we should sleep on porches or out of 
doors. Another important health habit is going 
to bed at a certain hour each night and getting 
up at a regular time each morning. All the 
activities of the body require regularity. We 
have learned that we must eat at regular hours, 
so that the digestive organs may know when to 
be ready for .the food. In the same way the 
body will prepare for sleep and waking at certain 
hours if we establish the habit of regularity, and 
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SO the restoration work will be done thoroughly 
and well. 

The position in which we lie while sleeping is 
also very important. Just as in standing or 
sitting, we should avoid any posture that would 
cramp the internal organs, interfere with their 
proper functions, or cause the body to take any 
unnatural attitude. Raising the head far above 
the level of the body by using a large pillow is 
very injurious. This is a frequent cause of 
roimd shoulders. It is also important to he 




Sleeping on a t irge ptUiii/. ij very injurious 

outstretched at full length, so that the spine 
is straight. We have learned (page lOO) 
how curvature of the spine may be caused by 
wrong postures in sitting and standing. In the 
same way our position in lying down to sleep 
may also cause deformities of the spine. When 
we are yoimg the bones are soft. They fashion 
themselves according to the strain we put upon 
them. Then as we grow older, ^ley gradxmlly 
harden and we cannot ^ straighten them again, 
no matter how much we should like to. 
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Curvature of the spine is a great danger to 
the nervotis system, for in the spine are the 
delicate tissues of the spinal cord. We have 
learned (page 102) that the spinal cord has 
control of our physical movements and sensa- 
tions. An injury to the spine may mean that 
we may lose the power to move our legs, and 
so we could no longer play or run about happily 
in the free out-of-doors. How important it is, 
then, to guard the bones of our bodies by asstmi- 
ing correct positions at all times, in our sleep 
as well as in otir waking hours. 

How much sleep do we need? We need sleep 
according to our age and state of health. Chil- 
dren should have from nine to twelve hpurs of 
sleep. The yotmger we are the more sleep we 
require. Children also need more sleep than 
adults because they are growing. During sleep 
the building-up process works fast, v repairing 
tissues used up in play, besides adding new 
tissues to make the little bodies grow tall and 
strong. 

Persons in ill health also need much sleep. 
Sleep is nature's restorative, more effective than 
any medicine in bringing back health. 

Good habits of exercise. We have been warned 
(p. 10 1 ) against violent play. Such play fre- 
quently causes lifelong deformities that some- 
times lead to early death. Here we see the 
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value of the habit of temperance. Play is of 
great value in the healthful development of the 
body and its organs. But it must be tem- 
perate and well regulated. Play is most bene- 
ficial in the open. But it is well to spend some 
time in the gynmasitmi because of. its appli- 
ances. One may exercise therein when the 
weather is xmfit for outdoor play. Gymnastic 
exercises shotdd be taken imder the supervision 
of a trained instructor, so that they will be 
properly done and not overdone. We shotdd 
be careftd, too, in taking part in competitive 
games, that we do not tax our physical strength 
too far. The same thing is true of bicycle rid- 
ing, running, and such sports. In fact, any 
form of exercise if carried to excess does more 
harm than good. One of the best health habits 
we can observe is to exercise, but to exercise in 
moderation. 

QUESTIONS TO HELP THE PUPIL 

I. Who chiefly has the duty of keeping our bodies 
well? 2. Describe the best positions for the body, and 
show why they are best. 3. Why does the body need 
more food while it is growing than it does after growth 
ceases? 4. Name four kinds of food elements and tell 
just how each kind helps the body. 5. What is a 
* 'balanced ration'*? 6. In what ways do we destroy the 
balance? with what results? 7. Which is better, to 
have many kinds of food at one meal, or many kinds a 
few at a time? why? 8. What care should be taken 
in chewing the food? 9. Is chewing gum a good habit? 
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why? 10. How should the mouth be cared for? 11. 
When and how should the teeth be cleaned? 12. What 
precautions should be taken against contact with un- 
wholesome bacteria? 13. Explain how cheerfulness aids 
digestion. 14. What things lunder digestion? 15. What 
are the digestive ferments? 16. What is the work of the 
ferments? 17. In what organs are they found? 18. 
How long does it take for food to digest? 19. Why 
shotdd meals be eaten regularly? 20. Name some good 
habits in eating. 21. What is the work of the liver and 
kidneys? 22. What name is applied to them? 23. How 
is their work often made harder? 24. Show how alcohol 
hinders the work of the liver and kidneys. 25. What 
happens if waste products are left in the body? 26. Tell 
what you can of the nervous system. 27. Name the 
special senses and give the health habits regarding each 
one. 28. State what effect alcohol has on the nerves. 
29. What effect has tobacco on the nerves? 30. Tell 
what you can of the laws regarding the sale and use 
of alcohol and tobacco. 31. Name several good sleep 
habits. 32. How much sleep do children need? 33. 
Why do children need more sleep than adtdts? 34. 
What is the value of exercise? 35. What habits should 
we observe with regard to play? gymnastic exercises? 
competitive games? running games? bicycle riding? 



XII. The Value of Health 

What is the value of health? Children as a 
rule do not realize the money value of health. 
They realize its advantages, its freedom from 
pain, and the opportunity it gives them for en- 
joying life. But they do not realize that good 
health is also to be measured in dollars and 
cents. The mental efficiency of the child and 
of the grown person depends more largely on 
good health than on any other factor. Progress 
in school and in college depends to a great extent 
on the health of the individtial. Success in the 
office or in the shop depends very largely on 
good health. The value of a citizen to the 
community and to his own family and friends 
is greater or less according to his state of health. 
It is therefore a matter of supreme importance 
for every one to know from his earliest years 
the ftmdamental facts of nutrition, of exercise, 
and of play, in order to secure a maximum of 
good health in childhood as well as in adult life. 

How is sickness costly? Just as we may regard 
good health as an increase in money value and 
usefulness, so may we measure ill health as a 
loss in money value and usefulness. The sick 
person is not only unable to do useful work or 

22^ 
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earn money, but he is also a burden to his 
family. The cost of professional medical serv- 
ice is often very great. Sickness is therefore a 
heavy burden on humanity, and we should do 
everything in our power to avoid it or to get 
rid of it if we are so unforttmate as to have it. 

To be sick is to be useless. From whatever 
point of view we look at the matter, it pays to 
keep well, and it costs a lot of money to be sick. 

The object of study. The object which the 
child has in view, or at least which the parents 
have in view during schooldays, is that he 
or she shall become a useful man or woman. 
Every factor in the training and conduct of the 
child which leads to this result is to be favored 
and promoted. Every obstacle which lies in 
the way of the achievement of this result is to 
be removed if possible. 

Child life, from the physical point of view, 
has too long been neglected. To be healthy, 
well developed, and vigorous is not only the 
privilege but also the duty of every child. The 
harmonious development of all the organs of 
the body in the healthy child promotes the best 
development of the intellect and of the moral 
nature. 

The purpose of writing this Health Series has 
been to lead the child little by little into a 
knowledge of those things which concern his 
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physical welfare and a realization that this is 
intimately related to his mental and moral 
welfare. The child who has read and carefully 
studied the principles laid down in these books 
is better prepared to attd,in health, happiness, 
and success in life than he otherwise would 
have been. 

QUESTIONS TO HELP THE PUPIL 

I. Can good health be measured in dollars and cents 
as well as increased enjoyment of life? 2. Does men- 
tal efficiency depend on good health? 3. Does success 
in work depend on good health? 4. Is it a matter of 
supreme importance for every person to know the funda- 
mental facts of nutrition, exercise, and play? 5. How 
can ill health be measured? What has been the pur- 
pose of the Health Series studies? 7. What advantage 
has the child who has careftdly read and studied these 
health principles? 
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[The diacritical marks used to indicate pronunciation agree with the 
latest edition of Webster's New International Dictionary.] 



abdomen (&b do'm^n) 

the part of the bcxiy between 
the thorax and the pelvis 

abdominal (S,b ddmK n^l) 
pertaining to the abdomen 

abomasum (&W6 ma'sum) 
the fourth stomach of a rumi- 
nant 

albtmiin (^1 ba'm!n) 

alkaline (^Icd hn; STka Hn) 

amino (^^ nO; d me'nO) 

am^ase {&m^ las) 

a constituent of one of the 
digestive ferments which 
changes starch into sugar 

anaemia (d ne'mt d) 

aorta (a 6r'td) 

the artery which carries the 
blood from the heart to all 
parts of the body except the 
lungs 

aqueous (a^kw6 ils) 

astigmatism (d stlg^md tiz 'm) 

auditory (d'dl t6 ri) 

biceps (bf sSps) 
bolus (bO^iKs) 

caecum (scsfkiKm) 
canine (kd nin'; ka'nin) 

like that of a dog 
capillaries (kHp^ 1^ rlz) 

minute, thin-walled vessels; 

the smallest blood vessels, 

which form the connection 

between the arteries and the 

veins 
carbohydrate (kar'b6 hi'drat) 
carbon dioxide (karl)^ di 6kf- 

sTd) 
cardia (kar'd! d) 

the opening of the esophagus 

into the stomach 



cardiac (kar'd! ^) 

carpal (kar'pdl) 

pertaining to the wrist 

cartilage (kar'tll^j) 

cartilaginous (kar't! l&j^ niis) 

casein (ka^s^ In) 

the name given to the form of 
protein found in milk 

cassava (kd sa'vd) 

catalepsy (k&t'd ISp's!) 

cathartic (kd thar'tlc) 
a medicine given to cleanse 
the bowels 

cellulose {s6V<X lOs) 

the substance forming the 
chief part of the solid frame- 
work of plants, of ordinary 
wood, linen, paper, etc. 

cerebellum (s^r'6 bsrwm) 

cerebral (sSr'fe brdl) 

pertaining to the cerebrum 

cerebnmi (ser^6 hriim) 

cervical (siir'\H( kdl) 
pertaining to the neck 

chyle (kil) 

chyme (kim) 

ciUaiy (slfl'i d rl) 
hairlike 

clavicle (kl&v^ k'l) 

clinic (klln^) 

an institution devoted to the 
examination and free treat- 
ment of patients, the work 
usually being done before 
students 

coagulating (k6 ^g^A lat'ing) 
congealing, solidifying 

cocaine (ko'kd !n; ko'kd en) 

coccygeal (k6k sij'6 dl) 

pertaining to the coccjrx, the 
end of the spinal column 

codeine (k6de1n; ko'd6en) 

colon (ko'lon) 
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coma (ko'md) 
a state of bodily and mental 
inactivity from which it is 
difficvilt to arouse a person 

convolutioii (k6nV6 la'shun) 

cornea (kdr^n^ a) 

corpuscle (kdr'pfis'l) 

cjrstic (sls^tYk) duct 
a duct from the gall bladder 
uniting with the hepatic duct 
to form the common bile duct 

dentine (dSn'tKn) 

dextrin (dSks'trin) 

dextrose (d^ks^tros) 

diabetes (dl a be^tez) 

diaphragm (di^d f r&m) 

diastase (di^d stas) 
one of the digestive ferments, 
which converts starch into 
sugar 

dorsal (ddr^s^l) 

duodenum (da'6 de^hum) 

enzymes (Sn'zimz) 
substances in the digestive 
organs which produce diges- 
tion by changing food from 
one form to another so that 
it may be absorbed 

esophagus (6 s6f'd gws) 

ethmoid (gth'moid) 
one of the bones of the nasal 
cavity 

Eustachian (ti sta'kl dn) 

excretory (gks'kri t6 ri; Sks kre'- 
t6rl) 
serving for the elimination of 
waste and useless matter from 
the body 

feces (fe'sez) 

femur (fe'mwr) 

fibrin (fi'brln) 

fibula mWix Id) 

filament (fll'd m^nt) 

a separate, threadlike fiber 

fovea centralis (fo'v6 d sSn tra'- 
Hs) 
a depression in the middle 
back part of the eyeball 



germicide (ji^r^mt sid) 
gluten (gl(5&'tSn) 

the substance which causes 

the sticky, adhesive quality in 

dough 
glycerin (gUs'e rfa) 
glycogen (gli'k6 jSn) 
gustatory (giis'td t6 r!) 

pertaining to the sense of 

taste 
gjrpsum (jltp'sttm) 

hepatic (h6 p^t^) duct 

the duct conveying the bile 

away from the liver 
heroin (h6 rOln ; hgr'6 In) 
hordein (h6r'd6 In) 

the name given to the form of 

protein found in barley 
htunerus (ha'mer ws) 
hydrochloric (hi'dr6 klo'rik) 
hydrolysis (hi 6t6Y\ rfs) 

ileo-caecal (n'6 6 se'k^) valve 
the valve at the opening of the 
ileum into the large intestine 

ileum (11 6 Mm) 

incisor (in si'zgr; in si'ser) 

incus (tg'kws) 

the middle of the three small 
bones in the ear 

indol (In'dOl; Kn'dSl) 

infantUe (in'fan til; Kn'f^n tn) 
pertaining to infancy or very 
young children 

iodine (r6 din; I'd din) 

jejtmum (j6 j(5&'nwm) " 

lachrymal (l^rl raSX) 

a bone of the skull near the 

inner side of the eye 
lacteal (VkYtt dl) 
levulose (ISv'A los) 
ligament (Ug'd m^t) 
lipase (Up'as) 

the enzyme which decomposes 

fat 
lumbar (liim'bdr) 

near the loins 
lymphatic (Hm f St'Jk) 
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magnesia (m^ ne^zhl a, zhd; 
m&g ne'shi d, shd) 

malar (maldr) 
the cheek bone 

malleus (m^^S ms) 

the outermost of the three 
bones of the ear 

maltose (mdl'tos; mSl'tOs) 

mastoid (m^'toid) 

medulla oblongata {rat dul'd 6b'- 
16rj ga'td) 

mesenteric (mSs'Sn tSr^) 
arteiy: one of the two arteries 
which pass between the two 
layers of membrane in the 
intestines 

vein: a branch of the portal 
vein leading from the intes- 
tines 

metacarpal {m&t'd kar'p^) 

metatarsal (m^t'd tar's^l) 

molar (mo^dr) 

morphine (mdr'fln; mdr'fen) 

mucous (ma^tts) 

mucus (ma^kus) 

narcotic (nar k5t^) 
nasal (na'zdl) 

pertaining to the nose 
nausea (n6'sh6 d; n6's6 d) 

sickness of the stomach with a 

desire to vomit 
nitrate (ni'trat) 
nitrogen (ni'tri j^) 
nitrogenous (nl tr6j^6 n^s) 

pertaining to or containing 

nitrogen 

occipital (6k sIpK tdl) 

the bone which forms the back 
part of the skull 

olfactory (61 lW\Jb ri) 

omastmi (6 ma^si^fm) 

the third stomach of a rumi- 
nant 

orifice (6r^ f!s) 

oxygen (6k's3( j^) 

one of the important elements 
of the air, forming about one 
fifth of it 



pancreas (p&r) krS ^) 

papillae (pd pfl'e) 

paralysis (pd t^\ s!s) 

the loss of the power of volun- 
tary motion in any part of 
the body 

parietal (pd rl'fe tdl) 

the bones forming the roof of 
the skull 

parotid (pd r6t1d) 

patella (pd tSl'd) 

pelvis (pSl'vJs) 

peptone (pgp'ton) 

periosteum (p^tl 6s't6 wm) 

peritonetmi (pSr'l t6 ne'wm) 
the membrane lining the cavi- 
ty of the abdomen 

pentosans (pSr ! to's^nz) 

phalanges (fd Idn^jez) 

the bones of the fingers and 
toes 

pharynx (f&r'lgks) 

phenol (fe'nol; fe'n61) 

phosphate (f6s'fat) 

phosphoric (f6s f6r^) 

plasma (pl^z^md) 

the watery part of the blood 

pons (p6nz) 

potash (p6t'^h) 

protein (pr5't6 61) 

ptyalin (ti'd Hn; p'ti'd Un) 
the diastase found in the 
saliva 

pylorus (ptlo'rws; pllo'rws) 

quadrate (kw6d'rat) 
nearly square in shape 

radius (ra'dl ws) 

renal (re'ndl) 

pertaining to the kidneys 

rennin (rSn !n) 

reticultun (r^ tXc'6 liim) 

the second stomach of a rumi- 
nant 

retina (rSt'! nd) 

rumen (roo'mSn) 

the first stomach of a rumi- 
nant 

ruminant (r(55'ml( n^nt) 
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sacral (salo-iH) 
in the region of the sacrum, 
that part of the vertebral 
column connected with the 

Jjelvis 
iva (sd \fwa) 

the fluid secreted by the 
glands dischai^ging into the 
mouth 

salivary (s^K vi r!) 
pertaining to the saliva; the 
salivary glands secrete saliva 

sartorius (sar to^r! us) 

scapula (sk^p^i^ Id) 

sclerotic (skl6 rSt'tk) 

sensory (sSn's6 rl) 

sesamoid (sSs^d moid) 

sigmoid flexure (s!g^moid fl^k^ 
sh6r) 
the crooked portion of the 
intestine between the descend- 
ing colon and the rectum; so 
called because of the double 
or S curve 

skatole (sk&t'ol; sk&t'51) 

sphenoid (sfe'noid) 

the bone at one side of the 
base of that part of the skull 
which incloses the brain; so 
called because of its wedge 
shape 

Spigelian (spl je^l ^n) lobe 
named for Spigelia, a Dutch 
anatomist 

stapes (sta'pez) 

the innermost bone of the ear; 
so called because of its stirrup 
shape 

steapsin (st6 ^p^sin) 

sternum (stiir'nttm) 

sublingual (siib Ur)^gw^l) 

submazillaiy (sub m^^ Id, rl) 



submucosa (siib'mti ko'sd) 
the layer of tissue directly 
under a mucous membrane 

succulent (siUc'ti l^t) 
full of juice; watery 

tarsal (tar^s^H) 
temporal (t^m^p6 tiSX) 

near the temples 
thoracic (th6 r^^) 

pertaining to the thorax 
tibia (tlb'X a) 

trachea (trsfkt d; trd ke'd) 
triceps (tn'sSps) 
trypsin (trlp'sto) 

an enzyme which decomposes 

proteins 
tympanum (t!m'pd niim) 

ulna (iil'nd) 
urea (a'r6 d) 
ureter (A re'tgr) 
urethra {ix re^thrd) 

vena cava (ve'nd ka'vd) 
one of the large veins by 
which the blood is returned to 
the rieht auricle of the heart 

venous (ve'nws) 

the term applied to the blood 
which is passing through the 
veins as opposed to arterial 
blood 

vertebra (v<ir't6 brd; pi. bre) 

vilU (vn'i) 

viscid (visid) 

vitamine (vl'td mln) 

vitreous humor (vlt'rS Us ha'- 
mer or a'mSr) . 

zein (ze^) 

the name given to the form of 
protein found in Indian com 
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Add: amino. 67, 77, 204; effect of. 
oa saliva. S6. E3; fat. 204; hy 
drocUoric. .B6, B8, 203; phos- 
phoHc, 4, 21, 40. IBS, 19T;s«DBe 
of taste of, 129; sulphuric, 7S; 
uric, 7e 

Activators, S7 

Adeooidf , daofiera from, 213 

Albumin, 77. ISO 

Alcohol, ISO, 206, 212, 214. 21S 

AlimBntai7 canal, 70 

Amino add: See Acid 

Amjlasa, action of, 60. 67 

Anaemia, 89. 169 



Bacteria; in decayed teeth. 197. 
198; in large intestine. 72 

Bacteria; in decayed teeth, 197, 
198;inUrgeintestme, 73 

Balanced ration; 10-32. 192; im- 
portance of, 206, 207 

Baseball, 101, 136 

BasketbaU, 186 

Biceps, ITS 

Blcyde riding, 186, 187, 222 

Bile: fl2. flE. 204; duct, [illus.] 66 

BUdder, [illus.| 7S 
. Blindness, 114. IIS 

Blood: absorption by. 79. 80; 
anaemiccondition of, 89-81 ; con- 
stituents of, 84. 85; corpuscles, 
red. 8S; corpuscles, white, 85, 

86. 207; exercise and move- 
ment of. 17B, I7B; function of. 
84, 86; function of mineral food 
in, 191; impure, 90. 01; kind of 
food for, IBO; over-supply of, 

87. 88; poisoning of. 206, 207; 
pressure. 87-89; "purifiers" of, 
00; stream. 84-92, 207; sugar in, 
81; vessels in muscles, 174. 177 

. Body; building of, materials for, 
20. 2 1 ; functions of. in sleep. 1 69 
Bdna, 47, 49 



Bones: 167-180; composition of, 
188. 169; functions of, 167; 
habits affecting, 169; how 
joined, 3J2, 173; kind of food 
for. 190-192; of skeleton. 170, 
171; of skuU, 96. [illus.] 94 

Brain: 93-97, [illus.] HO; during 
sleep, IJ4. 159: effect of alcohol 
on, 214; function of, 93, 96; im- 
pulse from. 174;fcindoffoodfor, 
190; protection of, 93-95. 167; 
- ■ e of, 93, 94; weight of. 



-J, 07 
Breathing: control of, 218; deep, 

207; during sleep, 159 
Bright's disease, 77 

Caecum: 70. 71, (illus.] 69 

Cancer, cause of. 216 

Candy, effects of. 192. 206 

Capillaries, SO 

Carbon dioxide: S6. 169; in arterial 
blood, 87; in venous blood, 87 

Carbohydrates: 3. 12-16; diges- 
tion o(. 62. 63. 67. 204; fer- 
ments acting on. 204; function 
of. in digestion. 15; in nutritive 
ratios. 23-26; protein in. 190; 
storage of. in body, 190. See 
also Starch; Sugar 

Cardiac orifice of the stomaeti. 61 

Cttpat bonei, 171 

Cartilage, 173. 174 

Casein, protein food. 10 

Catalepsy, 165 

Cells: foods needed by. 101; in 
muscles. 174 

Cellnlose, 83 

Cereals: bran of, mineral elements 
in. 4, 5. 40. 41; bran of. vita- 
mines in. 192; starch in. 14 

Cerebellum: 96. [iUu.'^.l 93, [illus.l 
110; function of. 176 

Cerebrtun: 96. |iUus.| 93, [iUus.l 
110; function of, 176 

Cervical yertebrae, 48. [illus.) 98 

Chewing; as first step in digestion, 
196, 197; by ruminants, 49; 
drinking while. 49; movements 
in, 33. 34; taste developed by. 
130. 131, 194 
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Chewiac gui, 47. 199. 200 

Chjle,67 

Chyme, 59 

Cigarettes, laws regarding. 217 

Circnlatioii: in sleep. 159. See 

also Blood, stream 
OaTides, 170 
Qots, 84. 85 
Cocaine, 100. 101. 210 
Cocoa. 50. 210 
Codeine, 101 
Coffee, 50. 210 

Colds, effects of. 125. 212. 213 
Colon, 71. [illus.] 70 
Coma, 100 

Condiments, 3. 13. 21-23 
Confections, 194. 200 
Com: See Indian com 
Cornea, 112. [illus.] 113; defects in. 

117 
Corpuscles: red. 85; white. 85. 80. 

207 
Cross-eye, catises of. 118. 119 

Dental inspection, 43-45 

Dentine of teeth. 30 

Dextrin, 42 

Dextrose, 07 

Diabetes, 77. 200 

DUphragm, 51. 03. 106. 177 

DiasUse, 66. 67. 204 

Diet: relation of hunger to. 150; 
simple. 193, 195, 206 

Digestion: aided by sociability. 53; 
effect of mind on, 26, 30, 53, 201; 
first step in, 196, 197; function 
of mineral foods in. 191; hin- 
drances to, 201, 202; period of, in 
stomach, 60; process of, 33-74, 
200, 201; relation of health 
habits to, 189; waste products 
of, dangers from, 206, 207 

Digestive fluids and ferments, 
54-58, 66, 67, 293 

Dorsal vertebrae, 98 

Drinking cups, 199 

Duodenum, 59. 61, 62 



Ear: drum of. 135-138. [illus.] 134 
inner, bones of, [illus.] 134 
inner, nerve end organs in, 208 
relation of, to health, 138 
structure of, 134, 135 

Eating: exercise after, 157-158; 
health habits in, 195. 196; 
regularity in, 219; rules for, 26, 
28-30; sleep after, 157,. 158 



;: 22; percentages of protein 
in, 0; protein in. 82. 190; white 
of. action of gastric juices on. 55 

Enzymes: 33. 42; in saliva, action 
of. 50 

Esophagus: 47. 178. [illus.] 59; 
action of muscles of, 48, 200; 
relation of stomach to. 51 

Eustachian tube, 135. 138. [illus.] 
134 

Exercise: 181-187; effect of. on 
muscles. 178; good habits of, 
221. 222; gymnastic, for chil- 
dren, 183. 184; violent, effects 
of. 179. 201. 202 

Eye, diagram of. 112. 113 

Eyes: care of. 209. 210; color of. 
114; defects in. 210. 211; in- 
flammation of, 119; muscles 
controlling. 118. 178; nerve end 
organs in. 208; relation of. to 
health. 120; structure of. 110- 
1 14. See also Sight 

Farsightedness, 110. 117 

Fat: 3. 12. 10-18; absorption of, 
81. 82. 204; action of lipase on, 
204; digestion of, 56; excess of, 
in tissues'. 17. 18; heat-producing 
property of. 17; in balanced 
ration. 192; protein in. 190; tis- 
sues of. food element forming, 
12; use of. in body, 191 

Fat add, 204 

Feces, 71 

Femur, 171 

Fever, germs of. in blood. 90 

Fibrin, in blood. 84 

Fibula, 171 

Finger nails, biting. 200 

Fingers: sense of touch in, 142; 
unsightly. 200 

Flavor, relation of. to sense of 
smell. 120 

Food: absorption of, 79-83, 204; 
causing "spring fever,** 91; 
classifications of, 3; digestive 
processes of, 33-74, 205; mixing 
of, 28-30, 194; muscular energy 
supplied by, 175; plant, in 
seeds, 1; purposes of, 1-3, 189- 
190; rich, effect of, 194; variety 
in. 193. 194 

Football, danger in, 101. 185 

Fruits: 3; protein in, 7; skins of, 
mineral elements in, 5. 191; 
skins of, vitamines in, 192 
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Gall bladder, 62, 63 

Games: competitive, 184, 185, 
222; nrnning, 186 

Gastric juice, 54 

Glands: in stomach, 53, 54, 57, 
[illus.] 52: lymphatic, 81; pan- 
creatic, 65, 66; parotid, 46; 
salivary, 45-47, 199; sublingual, 
46; submaxillary, 46 

Gluten of wheat. 10. 82 

Glycerin, 67 

Glycerol, 204 

Glycogen, 64, 81, 205 

Gtdlet: See Esophagus 

Gustatory nerve, 128 

Gymnasium, 181-183, 222 

Habits: effect of. on bones, 99. 100, 
169; health. 188-223 

Hair, 122, 142, 190 

Handball, 186 

Headache, 120, 143 

Health habits, 188-223 

Hearing: 134-139; relative im- 
portance of, 149; health habits 
in, 212, 213 

Heart: 177, 178, 218; beating of, 
106; involuntary muscles in, 
177; protection of, 167 

Heartburn, 58, 59 

Heroin, 161 

Hordein, absorption of, 82 

Humerus, 171. [illus.] 173 

Hunger: difference between star- 
vation and, 150; relation of, to 
diet, 150; sense of, 149-150, 209 

Hydrochloric acid, 55, 58, 203 

Hydrolysis, 57 

Hypnotism, 162-163 

Ileum, 61, [illus.] 70 

Incisors, 34. 35 

Indian com: food elements in. 6, 
10. 14;zeinof. 82 

Infantile paralysis, 99 

Insomnia, 155. 156 

Internal organs, protection of, 167; 
sense of touch in, 141, 143 

Intestines: [illus.] 59; absorption 
by. 204; large, organisms in, 71, 
72; large, parts of. 62-71; mus- 
cular movements in. 200; small, 
ferments secreted by, 203, 204; 
small, function of, 61, 62; small, 
parts of, 60, 61; support for. 171 

Involuntary movements, 105, 106 

Involuntary muscles, 176 



Iodine, 4, 21 

Iris, 113, 114, [illus.] 112-113 

Iron: 21; foods containing, 4 

Jaw, movements of. 34 
Jejunum, 61. [illus.] 59 
Joints, kinds of. 172 

Kidneys: 75-78; diseases of, 76; 
effect of alcohol on, 206. 214; 
effect of tinbalanced rations on, 
205. 206; form of, 76; health 
habits necessary to, 205 

Kneecap, 167 

Lacteals, 81, 204 

Laws: controlling sale of habit- 
forming drugs, 161, 162; govern- 
ing use of alcohol. 214. 215; re- 
garding tobacco. 217 

Lens: 110. Ill; aqueous. 114; 
crystalline, [illus.] 112, 113; crys- 
talline, defects in. 117 

Levulose, 67 

Ligaments, 172. 173 

Lime: 4; in bones. 168; in saliva. 
56, 203; necessary for nutrition, 
21; need of. for teeth, 197; value 
of foods containing, 40 

Lipase, 67, 204 

Liver: 62. 63-67; digested foods 
taken to. 204. 205; effect of 
alcohol on. 206. 214; effects of 
unbalanced rations on. 205, 206; 
form of carbohydrates in, 190; 
functions of. 205; health habits 
for. 205; location of, 63; secre- 
tion by, 204; structure of, 63; 
waste products from, 65 

Lungs, protection of. 170 

Lymphatics: function of. 81; in- 
voluntary muscles in, 177; lym- 
phatics, through muscles, 174 

Magnesia: 4, 21; in saliva, 56, 203 

Maltose, 67 

Marrow, 168 

Mastoid bone, 138 

Measles, effect of. 121-122 

Meats: 3; condiments used with, 
22; effect of, on glands in stom- 
ach, 57; fat in, 5; protein in, 5, 
82 190 

Medulla oblongata: 96. [illus.] 93; 
function of, 176 

Metacarpal bones, 171 

Metatarsal bones, 171 
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Milk: 3; bone-building material 
in. 197; digestion of. 54. 203; 
protein in, 6, 11, 12, 82, 190; 
solid matter in. 6; value of, as 
diet. 40 

Minerals: 13; absorption of, 83, 
204; food for bones, 168; in 
balanced ration, 21, 192; in 
food, 3, 4, 6, 191, 192; in nutri- 
tive ratios, 24-26; percentage of, 
in dentine. 36; percentage of, in 
enamel, 37; use of, in digestion, 
191; value of, in child's diet, 40 

Molars, function of. 34 

Morphine, 161. 216 

Motor nerves, 107-109 

Mouth: 178; care of, 197. See 
also Teeth 

Mucous membrane: 79. [illus.] 52; 
nerves in, 143 

Mucus, 79 

Muscles: 167-180. 218; broadest, 
177; classes of, 176; connection 
of. with spinal cord, 175, 176; 
contraction of, 174; functions of, 
173; movements of, 175; neg- 
lected, 179; number of. 173; 
principal, 177; rest of, in sleep, 
154; sense of touch in, 141; 
shapes of, 178, [illus.] 177; 
structure of, 184 

Narcotics, 160, 162 

"Narrow ratio," 24, 25 

Nearsightedness, 116, 117 

Nerves: 103-109; action of alcohol 
on, 214; action of. in muscles. 
174; effect of tobacco on, 216; 
functions of, 105; gustatory, 
128; in muscles, 175, 209; in 
relation to spinal cord, 175, 176, 
[illus.] 103; kind of food needed 
by, 190; of hearing, 134-139; of 
sight. 110-122; of smell, 122- 
126; of special sense, end organs 
of, 208; of taste, 122-134; of 
touch, 140-149; rest of, in 
sleep, 154, 218; transmission of 
sensation through, 103, 104, 105 

Nervous system: 93-109, 207. 208; 
need of rest for, 218; relation of, 
to muscles, 1 75 

Neurasthenia, 156 

Nicotine, 216 

Nitrogen: in bones, 168; in den- 
tine, 36; in foods, 5-12 

Nose, [illus.] 123. 208 



Nutrients, absorption of, 79, 204 
Nuts: 3; protein in, 7, 190 

Oil: 3, 12. 16-18; action of lipase 
on, 204; function of, in digestion, 
17; heat-producing property of, 
17; proportion of, in balanced 
ration, 192; proportions of, in 
nutritive ratios, 23-26; use of, 
in body, 191 
Olfactory nerve: 122, [illus.] 123; 
bulbs of, [illus.] 110; effect of 
cold on, 125; sense of pain in, 
143-144 
Opium, 160, 161, 216 
Optic nerve. 111, [illus.] 112 
Oxygen: in blood. 86, 207; muscu- 
lar energy from, 176; use of, in 
exercise, 178, 179 

Pain: deadening of, 161; kinds of, 
144; location of, 145, 146; sense 
of, 143, 209 

Pancreas, 62, 65. 66, 67, 204 

Papillae, 127. 128, 142 

Paralysis, cause of, 99 

Parotid glands, 46 

Patella, 167 

Pelvis, 171 

Pepsin, 55, 58, 203, 204 

Peptone, 55, 56, 66, 204 

Periosteum, 167 

Pentosans, 83 

Phalanges, 171 

Pharjrnx, 151 

Phenol, 72, 75 

Phosphoric acid: 4; in balanced 
ration, 21; in bones, 40, 168; in 
teeth, 40, 197 

Plasma, 84 

Pons, of the brain, 96 

Portal vein: 63, 80. 204, 205 

Potatoes: 29; protein in. 7; skins 
of. food element in, 5, 21, 41; 
starch in, 13, 14 

Protein foods: 5-7, 10-11, 82, 190; 
proper use of, 191 

Proteins: 63. 82, 83, 204; excess 
of, 10, 194, 205, 206; ferment 
digesting. 55. 56, 203. 204; 
parts of body using, 8, 168, 190; 
percentage of, in milk, 5, 6; pro- 
portion of, in balanced ration, 
192; proportions of, in nutritive 
ratios, 23-26; quantities of, 
needed daily, 7, 8, 11, 12; soluble 
in waste from blood, 77 
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Ptyalin, 66 

Pupil of the eye. 113. [illus.] 112 

Pylorus: [illus.] 59; action of. 60 

Radius, 171. [illus.] 173 
Ratio, nutritive. 23-25 
Rectum, 71, [illus.] 59 
Reflex action, 106, [illus.] 107 
Rennin, 54, 58, 203 
Retina, 110, 113, [illus.] 112 
Rice, 6, 14 

Ruminant animals, stomach of, 
49 

Saliya: 45-47; action of acids on, 
56^ 58; action of enzymes in, 56; 
effect of liquids on, 50; excited 
by flavors, 57; ftuictions of, 62; 
mineral elements in, 56, 203 

Salivary glands: 45-47; overwork- 
ing, 199, 200 

Salt: taste of, 129; use of, 22 

Sartorius musde, 178 

Scapula, 170 

Sense: of hearing, 134-139; of 
hunger, 149, 150; of sight, 110- 
122; of smell, 122-126; of taste, 
127-134; of thirst, 151; of 
touch, 140-149; substitution of 
one, for another, 148, 149 

Sensory nerves, 107-109 

Serum of blood, 84 

Sesamoid bolies, 167 

Sight, sense of, 110-122, 140. 149, 
209. See also Eyes 

Skatol, 72, 75 

Skeleton: [illus.] 168; number of 
bones in, 167; principal bonds' of, 
170-171 

Skin: involuntary muscles in, 176; 
kind of food needed by, 190; 
muscles attached to, 174; nerve 
end organs in, 208; relation 
of, to touch, 141; surface of, 
142 

Skull: 170; showing bones, [illus.] 
94; showing brain, [illus.] 93; 
types of, [illus.] ^5-96 

Sleep: 154-166; habits of, 218- 
220; hypnotic, 162, 163; impor- 
tance of, 165; life maintained 
without, 159, 160; loss of, 155, 
160; position in, 220; prolonged, 
160; time required for, 154, 155, 
221; walking in, 163, 164 

Smell, sense of, 122-126, 129, 211 

Sodium, in saliva, 203 



Somnambulist, 163, 164 

Sound: importance of sense of, 
138; location of sources- of, 139; 
production of sensation of, 135, 
136; rate of travel of, 139; 
transmission of, to brain, 136, 
137 

Spinal column, 97, 98, 170 

Spinal cord: 97-103, 176, 218, 
[illus.] 110; care of, 221; causes 
of diseases of, 100, 101; connec- 
tion of, with muscles, 175, 176; 
development of, 102; during 
sleep, 154; education of, 146; 
function of, 101, 102; nerve fila- 
ments in, 142; protection of, 167; 
section of, [illus.] 103; trans- 
mission of impulse through, to 
muscles, 174 

Spine: 97; curvatiu-e of, cause of, 
100, 220 

Spleen, 67-69 

Starch: 190; contained in potato, 
13; foods rich in, 13; function of, 
12; in balanced ration, 192. See 
also Carbohydrates 

Steapsin, 67 

Sternum, 170 

Stomach: 52, [illus.] 51; effect of 
alcohol on, 214; digestive proc- 
esses in, 51-60. 80. 200, 203; 
location of, 51; of fowls, 53; of 
ruminant animals, 49; sense of 
hunger in, 149, 150 

Sublingual glands, 46 

Submaxillary glands, 46 

Sugar: 190; absorption of, in 
blood, 80; change of, in liver, 
205; excessive use of, 194, 206; 
foods rich in, 13; function of, 12; 
in balanced ration, 192; in blood, 
64, 81; in organic waste, 76, 77. 
See also Carbohydrates 

Sulphuric acid, 75 

Supernumerary bones, 167 

Tarsal bones, 171 

Taste: 127-134, 144; importance 
of, 149; kinds of, 128, 129; 
nerve of, 127; relation of chew- 
ing to, 130, 131; relation of 
temperature to, 131, 132; rela- 
tion of, to health, 132, 211, 212; 
transmission of sense of, 129, 
130 

Taste buds, 128 

Tea, 50, 216 
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Teeth: 167; attention needed by. 
41, 42, 43; clean, value of, to 
health,. 43. 197; composition of. 
36. 37; cutting. 37. 38; develop- 
ment of. 197; food for develop- 
ment of, 40, 41, 191. 192. 197; 
function of, 33-45; of children, 
dental inspection of, 43-45; 
temporary, 34. 35, 39. 40 

Temperance: in drinking, 207; in 
eating. 207; in play, 221, 222; in 
sleep. 156, 167 

Temperature: 145; effect of, on 
foods, 132; for foods, 212; for 
gymnasium, 183; for living 
room, 183; relation of, to taste, 
132 

Tendon: 174; of biceps, [illus.J 173 

Tennis, 101 

Thirst, 151. 209 

Thoracic cavity, 171 

Tibia, 171 

Tissues, 190, 214 

Tobacco: effect of, on nerves, 216; 
laws regarding, 217; users of, in 
industry, 216, 217 

Tongue: 200, [illus.] 127; nerve end 
organs in, 208; relation of taste 
to, 127, 130; sense of touch in, 
141, 142; uses of, 127 

Tonsils, [illus-] 127 

Toothache, 145. 198 

Touch: differences between nerves 
of, 142; distribution of, 141, 142; 
education of, 141. 143, 146, 147; 
importance of sense of, 140, 149, 
213; nerves of, in internal 
organs, 143; relation of, to 
health, 145, 213; sense of, 140- 
149 



Trachea, 48 

Trance, 164-165 

Triceps, 178 

Trypsin, 66. 204 

Tuberculosis, 100, 122 

Tympanum, 135-138, [iUus.] 134 

Ulna, 171, [illus.] 173 
Unbalanced ration, effect of, 192- 

193, 205-206 
Urea, 10, 65, 75, 205 
Uric acid, 75 
Ureter, 76, [illus.] 75 
Urethra, 76 

Vertebrae, 97, 98 
Villi: 80; absorption by, 81 
Vitamines, 21, 192 
Vitreous humor, 112, 114 
Vodka, prohibition of, 215 
Volley ball, 186 
Voluntary movements, 105 
Voluntary musdes, 176 
Vomiting, 48, 49 

Water: contained in potatoes, 13; 
need of, for renal fimctions, 206 

Weights, proper, for grown per- 
sons, [table] 18 

Wheat: bran of, food contents in, 
21; mineral matter in, 191; pro- 
tein in, 6 

Whisky, prohibited sale of, 215 

"Wide ratio," 24, 25 

Windpipe, 48 

Wine: effect of drinking, 69; 
temperature of, for tasting, 132 

Zein, absorption of, 82 
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